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Introduction: The regulatory age limits for pilots are based on the premise that the 
performance of pilots decreases with increasing age. The aim of this research is to 
investigate whether performance decline is apparent in an airline annual regulatory 
simulator checks as pilots grow older. 
 
Method: The data from 11 years of simulator checks for a cohort of 1008 commercial airline 
pilots was examined using descriptive analysis and generalised estimated equation models 
to assess trends in performance related to pilot age. 
 
Results: Several variables had statistically significant effects on the simulator performance 
scores of flying pilots and the most common variable was age, which was associated with 
small decrements in performance as age increased. 
 
Conclusion: Decrements in performance were associated with age but the level of 
performance decrease could not be considered practically important. The implications for 
these results are that the ICAO age restrictions and the NZCAA pairing restrictions should be 
revisited considering only applicable research. Future research should consider whether 
pairing restrictions do improve safety, and whether a  functional age/workability index for 
airline pilot medical assessments would indicate whether fit and healthy older pilots can still 
safely fly. 
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General Hypothesis 
The general premise for this work was that if the performance of pilots decreases with age, 
in an airline environment this decrease should show up in the regulatory simulator checks as 
the pilots’ age increases. If there is no decline, then there is no justification for age 
restrictions on older airline pilots both in terms of the ICAO international age limit and the 
NZCAA age pairing requirement.  
1 Introduction 
The question this thesis considers is whether as a group, pilots in one airline showed 
decreasing performance with age. If this is the case, then do all the pilots show this 
decrease in performance and is it the same in all subsets of the whole group such as specific 
aircraft types, or age groups, or positions, or are there differences and can these differences 
be explained?  
The topic of airline pilots’ decrement in performance with age was chosen after the 
International Civil Aviation Organisation (ICAO) changed the age rules from a 
Recommendation to a Standard in 2014. At the time there were many pilots flying over 65 
internationally. The decision by ICAO in 2014 was made to standardize operations around 
the world but appeared arbitrary to those flying at the time as there was no evidence of any 
decreased safety over the previous years when the age limit had been lifted. 
World-wide health is improving and retirement ages are rising, however the airline pilot 
retirement age is set by ICAO for international pilots, with domestic variations where the 
state law requires no discrimination on age.   
Training pilots is expensive so there needs to be a balance maintained between young pilots 
with little experience and older pilots with many years of  flying and management 
experience.  There can be shown to be a negative impact when replacing old experienced 
pilots with young inexperienced pilots; the young may be more productive but less capable 
(Nunes & Kramer, 2009; Wilkening, 2002). There are also questions around the health-based 
premise of younger healthier pilots replacing older less healthy pilots. That is, there is little 
evidence of increased medical risk and subsequent sudden incapacitation in older pilots, or 
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that accidents arising from these can be predicted(Mitchell & Evans, 2004; Wirawan, Larsen, 
Aldington, Griffiths, & Ellis, 2012). 
1.1 This thesis examines the impact of age and other variables on the performance and 
age of pilots in a longhaul airline.  
The thesis consists of the introduction and the following four sections. 
The literature review considers age in economic terms, then reasons behind pilots restricted 
ages including medical and performance issues, and the methodologies of these studies and 
the pilot subject backgrounds. 
The methodology section explains how the data for the study was obtained for the whole 
group, and examined statistically to identify overall and subgroup trends. 
The results are presented as trends in ages and scores of all pilots and various subsets of 
pilots within the airline concerned.   
The discussion then considers whether these results are practically significant and whether 
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2. Literature Review 
 
The literature review chapter first considers the background to the study in terms of the 
socio-economic situation internationally and within New Zealand at the time and forecasts 
for the future. Next there is an examination of international pilot age recommendations, 
rules, and laws. The next section reviews research on pilot performance and age including 
how these two topics are defined and measured when pilots are involved, and the 
usefulness of medical assessment. The methodologies of the reviewed studies are also 
considered in terms of theoretical or practical forms of measurements for performance, and 
types of subjects; that is, general aviation pilots, commercial pilots, or airline pilots. Finally, 
literature pertaining to other airlines and industries is examined to determine what similar 
research has previously been undertaken. 
 
2.1 Literature Review Methodology  
2.1.1 Key concepts and research terms: 
The literature review considers the changing age demographics  worldwide and locally, a 
history of the pilot age rules in commercial aviation, and  key concepts of  pilot age and 
performance.  The main sources were on-line articles in Google Scholar, Pubmed, Scopus 
and  various government websites such as New Zealand Civil Aviation Authority (NZCAA) 
and National Transportation Safety Board (NTSB), Federal Aviation Authority (FAA), 
International Civil Aviation Organisation (ICAO). Some  historical information was found in 
books, eBooks, and newspaper articles.  Only articles in English were considered and review 
articles were used to gain age and health definitions. Publicly available government data 
were used for the demographics and regulatory statistics, and where no public data were 
available information was sought directly from NZCAA. 
 
Initially the searches were conducted using the terms pilot AND age AND performance.  
 
       
   
 
14 
Alternatives terms for each target word was also used as  follows: 
• pilots, airmen, “Airline pilot”, “Commercial pilot”, pilot* 
• aeroplane, airplane, aircraft, airline 
• experience, age, aging, aged, old, elderly  
• simulator checks, simulator training, procedural training, clinical tests, simulated 
flights 
• drivers, “bus drivers”, “sea captains”, professionals  
• performance, performance measurement, standards, ability, capability, risk  
Search Expressions used the following  Boolean operators: airline AND pilot, airline pilot 
AND age, airline pilot OR commercial pilot AND age, age AND performance, age AND 
performance AND pilot. 
2.2 Background  
Pilot retirement age and performance has been an extensively discussed issue for many 
years (Cornell, Baker, & Li, 2007; Eyraud & Borowsky, 1985; Schreuder, 1955; Simons et al., 
2019). The political and economic consequences have caused opinions, rules, standards and 
practices to change several times with the changing socioeconomic environment. The rules 
and standards that control international airline pilot age limits have been regulated by both 
ICAO and individual countries, the latter often filing differences to the ICAO internationally 
agreed positions. 
2.2.1 Demographics 
Society is changing. The elderly population around the world is increasing, and becoming 
healthier causing the average age of the workforce to also increase. The World Health 
Organisation (WHO) forecast that the number of people over 60 years old would rise from 
12 % of the total population to 20% between 2015 and 2050 (WHO, 2018).  In the airline 
industry deteriorating economic conditions around 2007-2009, the twin towers event and 
varying fuel price rises, saw passengers deterred and airline profits decrease.  These factors 
caused pilot pensions to reduce and therefore pilots wishing to remain employed and flying 
longer. (IATA, 2016; Sirven & Morrow, 2007; Wilkening, 2002).  
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2.2.2   ICAO Rules Effect 
Over the past century there have been a number of changes to ICAO Recommendations and 
Standards regarding airline pilot retirement age. A summary of the rule changes is shown in 
Table 1 below. These changes have impacted pilot retirement ages. 
Despite international agreement to overriding ICAO rules by all countries,  many countries 
later  filed differences with ICAO to reflect local laws. In 2006  nine states (Australia, Austria, 
Brazil, Canada, Costa Rica, New Zealand, Russian Federation, Senegal, and Ukraine) had no 
upper age limit, whereas fifty-five had an upper age limit higher than 60 years, ranging from 
62 to 72 years (ICAO, 2006).   
Even with the more recently agreed rule changes in 2014 several countries still filed 
different rules domestically. 
Table 1 Timeline ICAO Rule Changes Affecting Pilot Age from 1919 to 2014 from (Cornell, Baker et al. 2007) 
Year          ICAO Rule Change  
1919  International Commission for Air Navigation (ICAN) - 45 years age limit 
1947 ICAO takes over from ICAN – no age limit in ICAO documentation 
1959 FAA Age 60 limit imposed (PIC and co-pilot) 
1960 IATA recommends upper age limit of 60 to members 
1963 ICAO – Recommendation Age 60 limit for PIC – No mention of co-pilot 
1972  ICAO – Age 60 limit became Standard for PIC and a recommendation for co-pilots  
1980 Chile proposes deletion of age limit – Unsuccessful 
1991 ICAO reviews – no change 
1996 ICAO reviews – no change 
2006 Standard changed– can fly until 65 in a multi crew cockpit if another pilot is under 60 
2014 Rule introduced limiting pilot and co-pilot to 65 years of age  
 
       




2.2.3 Worldwide Pilot Demographics 
Since 1980 the average age of pilots in transport operations has been steadily increasing. In 
the United States(US), the US Bureau of Labour Statistics forecast  that between 1993-1998 
and 2003-2008 there would be a 173% increase in pilots reaching 65 (Dohm A, 2000). Since 
the Federal Aviation Authority (FAA) changed the Age 60 rule in 2006, the age of pilots in all 
the major airlines both overseas and in New Zealand steadily increased (Figure 1)When 
ICAO changed the Recommendation to a Standard in 2014 the age increase levelled off.  
As can be noted from the graphs below (Figure 1 and Figure 2) in 2014 the average age of 
pilots holding Airline Transport Pilot Licences (ATP) licenses in USA ranged from 20 years old 
to 80 plus years, with the 50-54 year age band having the most ATP licence holders. The 
average age for an ATP license was 49.8 years old. An ICAO conference in 2010 showed 
there were 463,386 pilots worldwide and they forecast a pilot shortage in 2010-2030 in 
every area except North America. ICAO also reported that 80% of the members states 









Figure 1 Numbers of ATP Licenses Held by Age Band at Dec 2014 from FAA (2015) 
 
 
       







Figure 2 Average Age of ATP License Holders Dec 2014 from FAA (2015) 
 
 
2.2.4 Forecast Pilot Shortage 
There is an increasing shortage of pilots in western countries due to increasing retirements 
and decreasing numbers of new hires. The reduction in new hires has been caused by  the 
cost of training and increasing qualification requirements for “ab initio” pilots trying to get 
their first job with small third level airlines, which has been a precursor for work with the 
major airlines (Boeing, 2017; Lutte & Lovelace, 2016; McGee, 2015).  In the Asia region the 
shortage is due to economic growth driving the demand for air travel and in turn for aircraft, 
tripling the predicted number of aircraft required over the next 20 years (Boeing, 2017).  
2.2.5 Age in the NZ Population  
Within New Zealand the general population is aging, causing the workforce age to increase 
along with the average retirement age.  Furthermore there are suggestions that the age for 
government superannuation will also increase(O'Connell, 2014).  
       




Figure 3 The Elderly (over 65 years) Population of New Zealand from  National Population Projections: 2014(base)–2068 
2014) 
 
Figure 4 New Zealand Population by Age Group from National Population Projections: 2014(base)–2068 2014) 
 
 Between 1980 and 2014 life expectancy in New Zealand increased by 15% in men and 9% in 
women, to an average of 79.5 and 83.2  years respectively. According to job data released 
by Statistics New Zealand in February 2007 updated in 2014 by Statistics NZ (Alpass & 
Mortimer, 2007; Khawaja & Boddington, 2014), “employees aged 65 years and older 
showed the greatest growth in filled  jobs and average mean quarterly earnings in the five-
year period to December 2006” (Figure 4).  The data showed that the number of people 
aged 15–64 years doubled between 1962 and 2014. In 2014 14% of the New Zealand 
population was aged 65 plus, and this group was projected to be 21 -22% of the population 
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by 2032 (Figure 3 and 5). The 85 plus age band is also forecast to increases steadily until 
2050( Figure 5). 
  
Figure 5 NZ Population Forecast for over 65- and 85-years old  National Population Projections: 2014(base)–2068 2014) 
Some authors question the continuing increase in the average age of mortality while others 
propose that this age increase will taper off, but with the aging population and aging 
workforce the pressure will come on airlines to retain older pilots(CAE, 2016; Popkin, 
Morrow, Di Domenico, & Howarth, 2008). 
2.2.6 Retirement age in NZ law 
Under New Zealand and Australian law there is no legal age limit for retirement("Human 
Rights Act ", 1993).  Between 2006 and 2014 the Airline in this thesis, only applied the “Age 
60 rule” to those international operations entering United States (FAA, 2005) airspace. To 
comply with this rule, and the ICAO recommendation, pilots in the airline studied could fly 
as a captain until they are 65, but between the ages of 60 and 65 the pilot in the other 
“window seat” needed to be under 60.  If a pilot was over 65 then he could fly as a captain 
in domestic and regional (Trans-Tasman) airspace or take a lower position internationally as 
a first or second officer("Pilot Union Contracts," 2014). 
2.2.7 Age Effect on Airline under Study  
The above rule changes resulted in an increasing average pilot age in the airline under study 
between 2003 to 2013. As the older pilots delayed retirement, commands for the more 
junior pilots were delayed and many junior pilots then left the airline under study for faster 
growing airlines. This secondary effect  further added to the pilot group average age 
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increase. This resulted in 2014 (before the latest rule change) the airline under study having 
some of the oldest pilots among the major carriers.  Some of these pilots were in their 70’s, 
and there was little relevant (airline based longitudinal studies) data on this age group (at 
that time) from a cognitive and work function viewpoint. Therefore, it was an excellent 
airline to use for studying age and performance.  
2.2.8 The Basis of the Aviation Age Rules  
The age rules mentioned above were set based on both medical evidence (physical and 
mental health) at the time, incidents involving different age groups and performance 
studies in simulators and aircraft(Evans, 2013).  The ICAO working council oversees the 
pilots age rules and medical requirements and these are reviewed and amended as medical 
standards, population health and economic conditions change. Although the Age 60 rule 
lasted for fifty three  years before being changed to the age 65, neither the incident rates 
nor the scientific evidence at the time supported the ICAO/FAA stance and many considered 
it more of an economic than scientific position (DuBois, 2005; Popkin et al., 2008). 
2.3 Pilot Medicals, the Healthy Worker effect and Performance 
Pilots are a preselected healthy population (Linnersjo, Brodin, Andersson, Alfredsson, & 
Hammar, 2011; Pizzi et al., 2008; Sykes, Larsen, Griffiths, & Aldington, 2012) who are 
checked regularly and have access to good medical and health care. Therefore  they have 
long argued that general population examples of performance decrements with age do not 
hold for their group, and that their retirement age should be based on functional age not a 
chronological age that is, whether they can do their job to the level required for any pilot 
(Braune & Wickens, 1985).  
2.3.1 Scope of Medicals  
Medicals for pilots are carried out in accordance with the regulated procedures of the 
specific  countries’ aviation authorities and based on ICAO recommendations.  These tests 
consider specific and general health issues and age, combined into an  index of healthiness. 
Pilots have a lower risk of cardiovascular disease (CVD) and cerebrovascular disease than 
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the general population (De Stavola et al., 2012; Qiang, Baker, Rebok, McCarthy, & Li, 2003). 
Other studies have linked cardiovascular(CVS) fitness to mental acuity,  but at time of this 
thesis there was no specific test for mental acuity in the aging pilot and declining cognition 
was  also not generally mentioned in clinical practice guidelines (Farrell, 1998; Mitnitski, 
2006; Rockwood, Middleton, Moorhouse, Skoog, & Black, 2009).  Other factors 
acknowledged as causing performance decrements which may increase with age such as 
fatigue perhaps should also be considered (Gander & Signal, 2008). 
A 2019 European Aviation Safety Agency (EASA)report which examined pilot age restrictions 
considered the fact that the pilots are a healthy selected portion of the population and 
found that Cardiac Mortality Rates were at least 50% less than the general population and 
these lowered rates should be used in forecasting pilot incidents due to age related 
incapacitation (Simons et al., 2019).  
The systematic surveillance of pilot health required by regulators means that there is a 
considerable amount of research and information being held regarding pilot health and 
function. This information could be extended into a practical tool such as a functional age 
calculation or a workability index (WAI) which combines health and performance data from 
several areas (Koolhaas, van der Klink, Groothoff, & Brouwer, 2012), but this has not 
happened (Ilmarinen, 2006; Koolhaas et al., 2012).  
2.3.2 Medicals do not pick up performance issues 
Medicals do not pick up performance issues but pilots failing simulators in some cases and 
in some airlines may be sent to the medical departments for assessment. This should 
perhaps be common practice as very few pilots ever fail (simulator or medical) checks unless 
there are  some outside stressors, such as family problems or a change of aircraft type (Li, 
Baker, Lamb, Grabowski, & Rebok, 2002; Rebok, 2002; Schroeder, Harris, & Broach, 2008).  
Neuropsychological evaluation is a potentially suitable method of assessing performance 
since cognitive decline is subtle and may impact flight safety and studies carried out on 
private pilots have shown that neuropsychological evaluation reliably predicts pilot decision-
making performances (Causse, Dehais, Arexis, & Pastor, 2011; Jacova, Kertesz, Blair, Fisk, & 
Feldman, 2007). Administering neuropsychological tests as part of pilot certification 
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medicals would be likely to detect subtle cognitive impairments caused not only by age but 
also by other issues such as substance abuse (medication, alcohol), chronic stress, mental 
fatigue, and depression  (Causse et al., 2011). 
Recently, an NTSB review of fatally injured GA pilots  through the 1990-2012 period found 
there was increasing numbers of over-the-counter prescription, and illicit drugs being 
identified by toxicology testing at crash sites (NTSB, 2014) and they also mentioned that 
aging individuals (over 50) in the general population are often on multiple drugs for various 
medical issues.  Airline Transport (ATP) and commercial (CPL) pilots are generally older 
pilots who depend on their licences for a job, have regular medicals and a lower incidence 
of both crashes and adverse toxicology tests, but research in this area has not been 
extended to airline pilots.  
2.3.3 Current Issues - Relevant research 
At the time of this study there was little research specifically on airline pilots over 65 years 
old. Medical rules for airline pilots were extrapolated from evidence regarding the general 
population, private pilots  and some specific populations from other transport settings such 
as vehicle drivers. Such comparative data has serious shortcomings because firstly, there are 
far fewer aircraft accidents than car accidents. That is, in 2015 in the United States there 
were 32,166 fatal motor vehicle accidents (NHTSA, 2015)  while there were zero  
crashes in the major airlines.  Secondly, the pilots are a preselected healthy population as 
mentioned above. Thirdly, air transport pilots for commercial airlines work in a multi crew 
environment.  
The situation where elderly are assessed for their driving licenses renewals could be 
considered similar to pilot licenses in that both have a medical and practical component. 
Studies have shown that dementia and mild cognitive impairment were often missed in 
driver medicals (Valcour, Masaki, Curb, & Blanchette, 2000). In fact one study found that 
among 65-103 year old current male drivers, 42% had probable dementia and 63% possible 
cognitive impairment while for women drivers percentages were 11% and 19% respectively 
(Ross et al., 2009). If this was comparable in the pilot population it would indicate there is 
cause for concern regarding pilot medicals, though the contra argument would be that the 
       
   
 
23 
airline pilot medicals are far more rigorous and airline pilots always work in a multi crew 
environment. 
2.3.4 Infrequency & Disclosure 
Another issue that has been raised is that medical examiners usually only see the pilots 
(over 60 years old) once or twice a year, and when they do so not only is the pilot fit and 
rested but that person might  not provide the full disclosure required by law (BEA, 2015; 
Hudson, 2002; Lempereur & Lauri, 2006). Of the many medical checks carried out on crew, 
few crew are found to have abnormalities (Lupin & Young, 1972; McLoughlin & Jenkins, 
2003; Tan, 1997; Wirawan et al., 2012). These low numbers of abnormalities may not all be 
due to pilots simply being a healthier population, as discussed next. 
An FAA review of 40,000 Northern Californian pilots in 2005 found 70 were on disability 
benefits and of these 48 should not have held licenses(DOT, 2005). A further review of 
438,152 pilot medical certificates in 2007 found 1246 pilots were receiving social security 
disability benefits while holding current licenses:  private licenses 70%, commercial licenses 
(Class II medical) 16% and ATP licenses (Class 1 medical) 4%(GOA, 2008). License distribution 
at the time was private 45%, commercial 25% and ATP 30%. This review only considered 
those claiming disability benefits not all pilots with undeclared conditions and undeclared 
medication.  
The result of such non-disclosure can be seen in the German Wings (BEA, 2015) crash as a 
result of non-disclosure of depression and related medication. Pilot suicides in commercial 
airlines have often been linked to unknown or unreported mental illness, though these are 
difficult to identify if everyone is killed in a crash. Often, even when evidence is available the 
causes are disputed by airlines or pilots unions (Sinha, 2015).  
The United States Government Accounting Office (GAO) also found that many more pilot 
medicals with reviewable conditions had not been forwarded to FAA (GAO, 2008).  Sudden 
incapacitation due to age related illness is extremely rare (Huster, Muller, Prohn, Nowak, & 
Herbig, 2014; Simons et al., 2019), but the level of sudden decompensation in older 
individuals is also unpredictable. If there is insufficient review of pilot medicals issues which 
can cause an incapacitation event, then the incapacitation event could lead to sudden 
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decompensation. It has been postulated that rapid decompensation may have been the 
cause of a fatal accident in Taumaranui May 1999 (NZCAA, 1999) but this was a single pilot 
operation. In the case of multicrew cockpits even severe decompensation probably does not 
cause accidents, as illustrated by the case of Captain Ann Barbarich who died of a suspected 
brain aneurysm after landing in Perth (Dougan, 2014).   
In a  recent review by Huster et al. (2014) there was no increase in incapacitation rates with 
age for those over 60 and the incidence rate of  0.19 to 0.45  x 10-6 showed it was a very 
rare event. A recent EASA report (Simons et al., 2019) also states that the rate of medical 
incapacitation in multi crew air transport operations is extremely low, with one confirmed 
accident in the 1960’s and one cardiac event where it could not established if it occurred 
before or during the accident. The report recommends age related medical risks can only  
be addressed by age limits because all EU states do not have equivalent levels of medicals 
and reporting. Additionally, they also state that the incapacitation rate is less than 1 x 10-6 
(which is the rate accepted for a major failure of an aircraft part) for all groups up to and 
including the 75-84 group (Simons et al., 2019). This would be equivalent to adopting an 
ICAO predicted medical incapacitation rule of 2% ( currently 1%) causing the cut off to also 
be around the 80 years old mark, whereas the current 1% medical incapacitation rule is 
equivalent to a cut off at the 55-65 year old group. 
In summary although medicals are carried out every six months and can identify medical 
issues they are not a good predictor of future pilot performance or nor a good indicator of 
incapacitation.  Medicals may identify a medical reason for lack of performance which can 
then be treated and will result in improving a pilots performance. However, medicals alone 
are not a measure of pilot performance so another measure is required. 
2.4 Definition and Measurement of Age and Performance 
2.4.1 Age Measurement  
Age is defined in a number of different ways in the literature, for example biologically (Yaffe 
et al., 2009),  functionally (Braune & Wickens, 1985) or chronologically. Aviation laws and 
regulations are based on chronological age data. Since it is currently the only form of pilot 
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age data recorded by airlines, this is how age was defined for the purposes of the thesis 
research. The shortcomings of this definition of age will be addressed in the discussion.  
2.4.2 Experience, Hours and the Recency Effect within Age studies 
In an airline environment age and experience have been considered interchangeable 
because the longer a pilot stays in the airline the older they get and the more hours they 
accumulate (Taylor, Kennedy, Noda, & Yesavage, 2007).  Other authors have stated that the 
two should be considered separately.  
 In 1997 a paper on Aviation Decision Making (ADM) by Jensen (1997)  (Figure 6) noted that 
hours are important as they indicate that other components of experience are present, that 
is, hours indicate experience and recency and  recent experience indicates better dynamic 
problem solving,  risk management and attentional control. If this is the case then studies 
on the performance of pilots should consider total hours and recency. 
 
Figure 6 Aviation Decision Making Expertise -Ohio State University model (Jensen, 1997) 
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However many of the early studies which have been used as the basis for defining age limits 
for air transport operation were deficient in their methodology in this respect. This is 
discussed in greater detail next.  
Firstly, many of the studies used GA pilots from aeroclubs and flying schools, or pilots of 
unspecified experience. In addition some of the older pilots or non-pilots were selected 
from rest homes. That is they did not hold current licences or have the levels of recent flying 
experience expected from airline pilots. In some cases airline pilots were specifically 
excluded from the studies yet these findings have been extrapolated to all pilots (DG 
Morrow, Leirer, Altieri, & Fitzsimmons, 1994; Taylor et al., 2007; Tsang & Shaner, 1995) 
A second issue around defining experience was that this was done according to the ratings 
the pilots held, but they may have had no recent flying experience (DG Morrow et al., 1994). 
When studies did  consider total flight time and the recency of this, it was at levels 
substantially below those of any working current airline pilot. (Hyland & Deimler, 1994). 
Thirdly, some studies combined ratings and total hours to form an index, yet the experience 
(hours total and recency)  of the lower rated PPL pilot( categorised as low experience) was 
higher than that of those holding higher ratings, that is, the ATP pilots (labelled high 
experience). Therefore dividing low and high experience by ratings alone was not valid. In 
other studies commercial pilots and air transport pilots were combined under one rating 
level even though their job functions are very different (Taylor, Dolhert, Morrow, Friedman, 
& Yesavage, 1994; Yesavage, Taylor, Mumenthaler, Noda, & O'Hara, 1999). 
Wider methodological issues to note include the fact that some studies contained very low 
numbers of subjects (Hyland & Deimler, 1994; DG Morrow et al., 1994; D Morrow et al., 
1993). In addition, extrapolating laboratory experiments which show a small statistical 
significance to operational requirements of airlines may have no practical significance 
(Tsang & Shaner, 1992) . There are therefore problems with extrapolating the results of 
these studies to determine age limit rules for commercial pilots.  
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2.4.3 Domain Dependent Knowledge and Domain independent Skills 
In 1997 Hardy & Parasuraman  reviewed literature on pilot age and performance and  then 
proposed that performance was dependent on domain-independent, domain-dependent 
knowledge, pilot stressors and pilot characteristic as seen in Figure 7  (Hardy & 
Parasuraman, 1997). Most studies have examined either domain-dependent knowledge or 
domain-independent skills, while a few have tried to incorporate both.  
 
Figure 7 A model of pilot performance  From (Hardy & Parasuraman, 1997) 
Initially many studies of  pilot performance and cognition focused on the impact of the 
domain-independent variables on the first two items in the “Pilot Flying Performance” 
section of the model: flight simulation and ATC (air traffic control) communication, and 
these are the skills which have no relationship between age and declining performance, and 
these were studies that did sample commercial pilots (Callister, King, & Retzlaff, 1997; 
Hyland & Deimler, 1994; Hyland, Deimler, & Gurnman, 1994; Szafran, 1969) . In 1999 
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Yesavage et al. (1999) found that age explained 22% or less of the variance of performance 
on different flight tasks. 
Studies where age related decrements were detected also found that standard operating 
procedures in airlines could reduce the effect for example note taking for ATC 
communication, and prior experience and specialized expertise could also reduce errors. 
(Taylor et al., 1994; Taylor et al., 2007). Taylor et al were able to predict 45% of the variance 
of the flight simulator performance with four CogScreen-AE predictors but this was within a 
cohort of 100 GA pilots aged 50–69 years. 
When domain independent knowledge was considered by Hardy & Parasuraman (1997) 
they found only limited scientific evidence for that ability of cognitive tests to predict pilot 
performance. Other studies of pilots and non-pilots confirmed these findings (Causse et al., 
2011; Taylor et al., 2007; Tsang & Shaner, 1998). However Hardy & Parasuraman(1997) 
mentioned that while simulator studies were good at assessing proficiency, flight 
performance could be better measured using high-order  age related differences in domain-
dependant knowledge and then linking these to simulator performance.  
 
 Researchers have also reported that cognitive efficiency was crucial to a work environment 
that was continually changing, and where new information needed to be integrated and 
updated continuously. They have also noted that due to the inter-individual variability, 
cognitive assessment was a better predictor of pilot performance than age (Causse et al., 
2011) 
 
Recently  the authors of a study on GA pilots resulted in a proposed improvement to the Hardy 
and Parasuraman model shown in Figure 7 (Van Benthem, 2015). Van Benthem concluded 
firstly that visual-spatial attention, and not working memory or processing speed, was the 
domain-independent variable with the largest explanatory power; and secondly domain-
dependent, not domain-independent, constructs were the best risk predictors of decreasing 
performance with age. However she still suggested that further testing and validation was 
needed to predict job performance (Van Benthem, 2015). 
These studies and many others suggest that pilots individual performance and not group 
performance should be used to determine retirement age decisions. 
       




2.4.4 Models of age  
When Hardy and Parasuraman (1997) carried out their review of age models, and how they 
might be applied to pilot  flying performance, they considered those with the most 
relevance to pilots.  Generally, measured intelligence was shown to decrease with age in the 
areas of fluid intelligence, cognitive inhibition,  executive control of working memory, 
intellectual capacity and cognitive processing speed.  With age, workload and domain 
relevant knowledge had the  most noticeable decline in perceptual and memory tasks and 
lesser effects of attention and problem solving and decision making expertise did not reduce 
(Schroeder et al., 2008).  However the point remained that these theories were developed 
from general population studies. Yet pilots, even 20 years ago, were fitter and healthier 
than the general population, and showed less general health decline with age. Hardy and 
Parasuraman therefore concluded that more study of how aging theories related to pilots 
was required.  
The points noted were that for all the theories there were both improvements and 
decrements with age.  One theory of intelligence developed by says that fluid intelligence is 
the ability to reason and think flexibly while  crystallized intelligence is the accumulation of 
knowledge, facts, and skills that are acquired throughout life. These work together to 
produce a person’s overall intelligence (Horn & Cattell, 1967). However, it has been found 
that the resulting effect depends on the parts of a pilot’s job that are studied(Hardy & 
Parasuraman, 1997). While a pilot is in cruise (between top of climb and top of descent on a 
flight where the role is mostly routine monitoring) then crystalline intelligence is more 
active and there are only low demands for fluid intelligence. In an emergency fluid 
intelligence becomes more important with the requirement to sort facts and options under 
time pressure. Then again, pilots are trained for emergencies and with enough training 
these become routine; standard and emergency procedures are followed from memory and 
checklists so they  require less fluid intelligence. Other studies have noted that there are 
many more concurrent task demands on pilots than have been allowed for in many studies 
(Dismukes, 2006; Loukopolous, Dismukes, & Barshi, 2003) 
       




The new and old Disuse theory propose that storage and frequent retrieval of information 
enhances memory, (Bjork & Bjork, 1992; Denney, 1984), which would then also tend to 
suggests that current airline pilots will not show much difference with age as the parts of 
the brain that are needed for the job are always being used and active and therefore it is 
only the non-work related areas that may be in decline.  
 
Again if processing resource(Salthouse, 1985) is considered then a well-trained pilot with a 
high experience level will also show no decline with age as there will still be additional 
capacity available.  
 
While Hardy & Parasuraman (1997) talk of fluid intelligence and Causse et al. (2011) talk of 
executive functions both functions overlap and are needed for integration of new 
information , perceptual motor and memory tasks , and various other types of mental 
activity such as calculation, problem solving, etc.  It is essential that a pilot be able to adapt 
to novel problems (Causse et al., 2011). 
 
Finally, some authors have said that it is the inhibitory processes which decline in older 
adults. A processing capacity theory says older pilots get distracted earlier compared to 
younger pilots. Unfortunately this inhibitory process is hard to measure, and separate from 
other process. Also, training makes pilots more aware of distractions and reduce the effect 
they have on pilot processes (Loukopolous et al., 2003). 
In summary there does not appear to be compelling evidence currently that that a pilot 
should cease flying by age 65. When the evidence is also considered against the real life 
context of multi-crew cockpits and high levels of health surveillance, there does not appear 
to be evidence they should be restricted from flying unless unable to pass the appropriate 
checks. 
2.4.5 Public Perception 
Performance of pilots is openly discussed by the general public when incidents occur, and 
this knowledge is mostly obtained from newspaper reports. However, there are very good 
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examples of how older pilots are very capable and may be at the peak of their careers in 
their late 50s. 
Captain Sullenberger (Sullenberger & Zaslow, 2010; Wikipedia, 2009), who landed the A320 
in the Hudson River, is often mentioned as a great example of an older pilot who performed 
remarkably well in a critical situation and this incident occurred 8 days before his 58th 
birthday.  
Another example is Flight 811 which experienced a cargo door failure in flight shortly after 
leaving Honolulu whilst commanded by Captain David Cronin, aged 59 and still landed safely 
(NTSB, 1989). Similarly United Airlines Flight 232  a DC-10 in 1989 crash-landed in Sioux City, 
Iowa after suffering catastrophic failure of its tail-mounted engine, which led to the loss of 
all flight controls. Despite the deaths of 111 out of the 296 passengers, the accident is 
considered a prime example of successful crew resource management due to the large 
number of survivors and the manner in which the flight crew handled the emergency and 
landed the airplane without conventional control. The flight crew became well known as a 
result of their actions, in particular the captain, Alfred C. Haynes aged 57 (NTSB, 1990).  
These performances were excellent and demonstrated peak performance of the captains 
who only had 5 years to go before attaining the maximum legal age for an airline pilot and 
being compelled to retire.  
There has only been one study on the attitude of the public to older pilots but the study age 
for old pilots was 56 or older which was only middle age in terms of today’s pilots, and the 
study found that the bias was insignificant (Stelmach, 2005). 
2.4.6 Indications of Declining Pilot Performance  
Anecdotally, comments from airline crew suggest there is a decline in some older individual 
pilot’s performance while line flying. When  the airline management are questioned they 
state that there is no indication of failing performance on the line checks or in the simulator 
checks until the final major failure during a simulator ride, a check flight or a new course 
involving a type change (learning to fly a new type of aircraft). 
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Considering why this might be, the answer probably lies in both the subjective nature of the 
checks and the fact that pilots have prior notice of when they will occur. There is probably 
also an element of ageism as mentioned earlier. Just as a doctor must make an informed 
decision, so must the checker but in a simulator check this is subjective, and the checker is 
seeing the pilot at his best in terms of preparedness.  
A survey of Canadian pilot examiners’ and flight instructors’ attitudes regarding younger and 
older pilots found there was greater concern with procedural knowledge for older pilots, 
particularly during flight training and currency flight examinations, as compared with 
concerns for younger pilots (Van Benthem, Herdman, & Garrett, 2011). Although, an earlier 
study of Canadian airline pilots, which examined pilot independent and domain-dependent 
variables on simulated B727 flights, found that while older age was associated with lower 
subjective simulator ratings it was not associated with objective flight simulator 
performance (Hyland, Kay, & Deimler, 1994). 
 
The  discrepancy between subjective and objective ratings, and between line pilots and 
management opinions,  clearly indicates the need for more in-depth research into both the 
actual performance of the aging pilots and whether the perceptions of age-related decline 
are valid or due to biases.  
2.5 Measurement of Pilot Performance with Age 
The studies above have all mentioned that  integration of skills determines a pilot’s level of 
proficiency. A holistic view is that a pilot’s skill is an ability to perform complex tasks rapidly, 
adapt to new and quickly changing conditions, process incoming information, make complex 
decisions and judgements,  and to resist fatigue and perform effectively in stressful 
environments (Eyraud & Borowsky, 1985). Therefore the  closer the test for performance 
can be to the real situation the pilot will be in, in terms of decision making and stress, the 
more valuable will be the assessment.  
Pilot performance can be measured in several ways: desk top mental /clinical tests, fixed 
base cockpit training devices (CPT) and flight training devices (FTD), and full flight simulators 
(FFS).  Clinical tests of domain independent functions have been discussed earlier and are 
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useful for measuring mental capacity with age over time. However, they require a baseline 
measurement to be any use in longitudinal studies with pilots, and do not measure work 
performance directly. 
Fixed base desktop cockpit trainers, FTDs, and computer simulation models are also useful 
but are again limited in their capacity to produce realistic scenarios.  By comparison, FFS 
devices where Line Orientated Flight Training(LOFT) exercises are used have been shown to 
measure all aspects of pilot performance; decision making, hand eye coordination, task and 
crew management skills and cognitive reserve (Tolton, 2014)Similarly, route checks during 
line operations could also be considered but then the variables are not as easily controlled. 
Route checks are carried out on whatever route is rostered for the day and may vary from 
pilot to pilot, and therefore vary in terms of difficulty and pilot knowledge, which depends 
on previous frequency of visits.  
When real world data is required from an airline there are several considerations.  
2.5.1 Considerations in Analysing Existing Simulator Check Data  
Although the performance in the simulator checks cannot be considered typical of a working 
day since the pilot expects to encounter some general and specific system failures, the 
stress and of needing to pass the checks under failure situations comes close to replicating a 
similar failure situations in real life(Myers, Starr, & Mullins, 2018).  
Secondly, pilots have widely differing levels of cognitive ability individually, but they can also 
have a great variability within their own performance on the same test at different times 
(Salthouse TA, 2006). Therefore, for some individuals the time when they are tested in the 
clinic or in the simulator could be their best or worst performance, and not indicative of 
their normal daily situation. Still, overall the checks have been shown to indicate a general 
trend in performance for the individual. 
Additionally, the simulator checks can be assumed to be valid and reliable as they are 
designed to NZCAA requirements.  However although they are considered to be an objective 
rating of performance,  in fact all ratings are subjective and there are variables within the 
simulator checks like different instructors, and varying instructor ages, so instructor 
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consistency must be considered in any study design examining this issue such as the one 
undertaken for this thesis.   
A final effect that may have relevance is the timing of simulator checks within the six month 
program. That is, whether a pilot doing a later check has an advantage over one who is 
earlier in the cycle because the components of the simulator test become common 




       




The primary aim of this study was to determine if there was significant decline in pilot 
performance related to age.  
The objective was to retrospectively examine the performance of all pilots in an Australasian 
airline by analysing six-monthly simulator check results previously collected over an eleven-
year period 2003-2013. 
3.1 Study Population 
The study included all pilots in the jet division of the airline, and the pilots who were ground 
instructors (non-flying) as they were also required to undergo the same regulatory checks in 
the simulators as the flying pilots.  
3.2 Pilot Structure, Definitions and Subgroups 
The data were analysed for the overall pilot group, and subsections of the group as related 
to their working positions. These subsections, fleets, ranks and resource groups, are 
explained below. 
3.2.1 Fleet Definitions  
A fleet is a group of pilots on the same aircraft type. They each have different management 
and slightly different training and regulatory checking programs. There were five fleets 
discussed in this study which are listed from smallest to largest aircraft: B737(Boeing 737), 
A320 (Airbus 320), B767(Boeing 767), B777(Boeing 777), B747 (Boeing 747). These 
groupings were examined to look for trends associated with changing numbers of aircraft 
and therefore changing numbers of pilots in a fleet. Also changes associated with the 
movement of pilots from one fleet to another. Pilots normally start on the smallest aircraft 
and move to the larger aircraft during their careers determined by seniority.   
 
 
       




The ranks on each fleet consist of Ground Instructors, Captains, First Officers and then 
Second Officers. PiC is an abbreviation for pilot in command and synonymous with Captain 
in this project. 
3.2.3 Resource Groups  
The data were then split by Rank and Fleet into the historical Resource groups as seen in 
Table 2.  
Table 2 Airline Resource Groups 
Fleet Instructor Captain First Officer Second Officer 
B747 I44 C44 F44 S44 
B777 I7 C7 F7 S7 
B767 I6 C6 F6 S6 
A320 I20 C20 F20  
B737 I33 C33 F33  
Notes: The resource group codes are historical and labelled as follows: Ranks: I= Instructor C=Captain F=First Officer S= Second Officer.  
Similarly, the ranks on each fleet are denoted by shortened numerical codes as follows: B747= 44, B777 = 7, B767= 6, A320=20,  B737=33   
3.2.4 Seniority 
In this airline, pilots were assigned seniority numbers when they achieved a jet pilot position 
from within the company or from outside the company. Each movement to a new position 
or rank was offered in order of seniority number. The result of this procedure was that the 
most long serving pilots achieve the most senior positions in the fleet and rank structure. 
The seniority of pilot under this system is also a reflection of his experience in the airline 
and the performance of the pilots would also be expected to follow their experience. 
3.2.5 Pilot Age 
Chronological age was recorded for pilots in this study and because pilots achieved the 
higher positions through the seniority system mentioned above it was also expected that 
the older pilots would be on the higher resource group positions. 
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3.3 Simulator Checks as a Measure of Performance 
3.3.1 Simulator Checks  
The simulator checks carried out by airline pilots for their annual training and assessments 
are specified by the country’s Civil Aviation Authority and designed by the airline to cover 
the syllabus required over a certain period. This regulated situation means the checks are  
standardised and tested for validity and consistency. They are  designed to reflect a normal 
working day and hence called Line Orientated Flight Training. Similar to a pilot’s routine 
duties  the simulator checks consist of about 50% flying skills and the other 50% will be 
made up of Crew Resource Management (CRM) and Flight Management Computer (FMC) 
manipulation.  
In the pilot population under study each pilot (and ground instructor) usually completed 
four regulatory simulator sessions per year consisting of 5 to 20 exercises marked by a flying 
or ground instructor. Each exercise was marked using a 5 point Likert scale format ranging 
from 1 to 5 as shown below (Table 3). Pilot Simulator Performance Score during a simulator 
check was defined as the average score of all the exercises in each session.  
Table 3 Pilot Simulator Session Marking Criteria 
Score Marking Criteria 
1. Could not be completed to proficiency by the end of the scheduled training session, 
or unsatisfactory where on-the-spot training is not possible. 
2. Event not performed to proficiency on the first attempt, but proficiency achieved 
on a repeat within the normal allotted training cycle OR event complete to a 
minimum standard. For Route Checks or Trainer Evaluation: the crew member 
performed the event to a minimally acceptable standard. 
3. Event performed to proficiency on the first attempt, but the instructor/evaluator 
had to point out some minor deficiency e.g. rough handling. 
4. Event performed to proficiency on the first attempt with no items needing special 
comment. 
5. Event performed to proficiency on the first attempt and the instructor/evaluator 
noticed that some portion of the event was done sufficiently well to be worth of 
note. 
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Reason codes Table 4, which were divided into two broad categories: Technical and CRM 
(Crew Resource Management), were required to be noted any time a grade of 1,2 or 5 was 
scored.  
 
Table 4 Marking Reason Codes 
Code Technical Code CRM 
M Manual Handling C Communication 
K Knowledge W Workload Management 
A Automation Management S Situation Awareness 
E Application of Procedures P Decision Making 
 
These reason codes were not examined during this study because they were not within the 
scope of the study and therefore not down loaded. Overall scores per simulator session 
were considered rather than individual exercises. Also the reason codes were  only recorded 
for some exercises where the student was awarded a 1,2, or 5 mark, (a failure or an 
exceptional mark) and comments were also recorded. These reason codes could be studied 
in the future if considering outliers. 
 
3.3.2 Learning Effect 
Learning effect was defined for this study as the improvement in simulator performance 
scores over time. Repeated tests or checks of any description usually cause a learning effect 
over time (Brame & Biel, 2015; Cook, Ramsay, & Fayers, 2004). In the airline industry the 
simulation scenarios on which regulatory checks are based are changed every year to 
ensure coverage of the whole syllabus (all systems and all emergencies) over a three-year 
period. These changes decrease the predictability of the scenarios so they are more like the 
real world situations; they also decrease the likelihood of a learning effect occurring, but 
this possibility was investigated during the study. 
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3.4 Databases and Processes 
3.4.1 Data Collection  
Permission to collect the data was obtained from senior airline management and both pilot 
unions following an extensive consultation process. The ethical review was submitted at 
departmental level. The project was considered minimal risk as all data were provided to 
the candidate in an anonymised form, so that the individual pilots could not be identified.  
The anonymised training results data for the project were downloaded from the internal 
training database in annual blocks by the Information Technology department of the airline 
and then uploaded to an excel spreadsheet and later to SPSS.  
3.4.2 Data Management 
The copies of the original data were held on both the company internal file system and a 
personal drive in the university system. All data were password protected. 
3.5 Statistical Analysis  
Descriptive analysis of individual variables and their relationship to pilot performance scores 
was initially completed in Excel v16.3.  The graphical ability of iNZight v2.4.2. was then used 
to examine the various multivariate relationships in the data to find the initial trends which 
were then more rigorously examined in SPSS (IBM Statistics Package for Social Sciences) 
using the General Estimating Equation (GEE )as described below (Forbes, Chapman, 
Harraway, Stirling , & Wild, 2014; Gil & Gibbs, 2017; Hardin & Hilbe, 2003). The GEE analysis 
can be used to analyse correlated data with normal and non-normal dependent variables 
and linear and non-linear independent variables which may be discrete or continuous. It 
also accounts for repeated measures, which occurred in this study.  In terms of SPSS output 
from the GEE analysis, the Corrected Quasi-likelihood under Independence Model 
Criterion  (QICC) score was considered the most appropriate measure to establish the best 
model between two correlation structures, given a set of model terms. According to this 
criterion the structure that obtains the smaller QIC is "better".  
Since there are several simulator sessions in a year the first session for each pilot in each 
year was used to calculate variables such as average pilot age to determine whether the age 
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trends were in line with other international airlines. Average annual simulator scores  for a 
particular individual were then calculated before using this data to then calculate overall 
averages for pilot simulator scores. 
The distribution of data for pilot ages and simulator scores was tested for both the overall 
group and the subgroups, to determine which forms of statistical analysis were appropriate. 
A snap shot of pilot ages at times of the rule changes Figure 8 was taken in 2003 at the start 
when pilots were limited to age 60, then in 2006 when the ICAO recommendation changed 
to allow pilots over 60 to continue flying, and then in 2013 at the end of the study, just prior 
to the 2014 ICAO Rule change to limit international pilots to 65 years of age.  
 
3.5.1 GEE Modelling to Examine the relationship between Age and Performance 
Analysis using a GEE approach was undertaken in SPSS (IBM Statistics Package for Social 
Sciences) to examine the role of age and other factors in predicting pilot performance in the 
simulator. GEE is an extension of the generalised regression model but allows for repeated 
measures on subjects and the associated within-subject covariances. These techniques are 
ideal for studies such as the current one when assessing performance over time (Hanley, 
2003; Hanley, Negassa, Edwardes, & Forrester, 2003; Leung, Wang, & Zhu, 2009). 
3.6 Group Sizes  
The analysis was carried out according to different resource group levels; therefore, the 
numbers of pilots and the number of simulator checks overall, and in each of the subgroups, 
have been listed below to give an indication of the sizes of the main sample and subgroups. 
Since each pilot often held multiple positions over the 11 years (moved between resource 
groups) during the study period the subgroups are not directly additive.  
       




Table 5 Numerical Sizes of the Various Sub-Groups used in the Project 
Regression GEE on Groups * 
Group Split Subgroups Number of  
Pupils 
Number of  
Simulator Checks 
A. All pilots All 1008 31614 
 
B. Pilot and Pilot 956 30619 
  Ground Ground 52 995 
 
C. Rank Instructors 52 995 
   Captains 527 13860 
   First Officers 598 12206 
   Second Officers 331 4553 
 
D. Fleet Instructors 52 995 
   B747 345 5571 
   B777 435 6668 
   B767 485 6102 
   A320 414 6399 
   B737 384 5879 
 
E. Resource  I44 10 173 
  Groups I7 16 223 
   I6 14 190 
   I20 13 227 
   I33 10 133 
   C44 106 2103 
   C7 136 2460 
   C6 188 2725 
   C20 227 3412 
   C33 237 3160 
   F44 125 1887 
   F7 125 1881 
   F6 206 2387 
   F20 207 2987 
   F33 206 2719 
   S44 132 1587 
   S7 151 1976 
   S6 125 990 
 *Note: Apart from subgroups B, the other subgroups will not total the same as A because pilots had results in several 
resource groups (i.e. they held different positions at different times during the 11-year period). The table is only provided to 
give an indication of the sizes of the subgroups in the various analyses.  
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4 Results  
4.1 Age Trends 
Descriptive analysis of age bands, mode and the maximum ages of the pilot group showed a 
steady  increase in pilot age over the time of the study. 
 
Figure 8 Pilot Age Spread for 2003, 2006 and 2013 
 
This was confirmed by undertaking more detailed analysis of age trends over the course of 
the study, then examining whether the increasing ages had impacted on the performance of 
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4.1.1 Change in Mean Pilot Age over 11 years 
The mean pilot age increased steadily over the 11 years, with the exception of 2006. The 
mean age (with 95% confidence intervals) of those tested is given in (Figure 9). There was a 
statistically significant difference between the year groups for pupil age as determined by a 
one-way ANOVA(F(10,8613)=31.597,p<.001). 
 
Figure 9 Mean Pilot Ages during the study from 2003 to 2013 with 95% confidence interval  
4.1.2 Total Pilot Population Numbers and Age Trends 
To understand the decrease in age in 2006 the total number of pilots each year was 
considered.  
 
Figure 10 Total Pilot Workforce and Average Age of each pilot tested that year (including ground instructors) 
As shown in Figure 10 the pilot population showed a steady increase in numbers from 2003 
to 2005 and then a large increase (16%) between 2005 and 2006. From 2006 until 2013 the 
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pilot population remained fairly stable around the 820 level. Over the same period the ages 
steadily increased except for the same 2005-2006 year when average age decreased. These 
coinciding changes in the same period would suggest that the decrease in mean average age 
in 2006 was due to a large influx of younger pilots being hired and lowering the average age 
of the pilot population. This in turn would require more simulator training and checking 
sessions for the incoming pilots.  To determine if this was the case the amount of simulator 
training was then considered.  
4.1.3 Annual Training Changes over the Period of the Study  
 
Figure 11 Total number of regulatory simulator details in study per annum 
 
Figure 11 shows how simulator duties were increasing but with a different pattern to the 
increase in pilot numbers. The 2005-2006 increase was present as expected, but later the 
training levelled off and then decreased. Since numbers of pilots being trained changes with 
increased direct entry of new pilots, and pilots changing fleets, then further investigation 
was needed at the fleet level to determine what was happening.   
4.1.4 Fleet Changes During the Study Period 
As shown in Figure 12 below there were large changes in the fleet composition. The B767 
numbers declined from 2005, the B747 numbers declined from 2008, and the B737 declined 
across the period.  These aircraft were replaced by more the modern A320 domestic and 
B777 international aircraft.  Finally, after the period this study covers (2003-2013) the B787 
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Figure 12 Number of Aircraft in Each Fleet 2003-2016 
 
These fleet changes as seen in  Figure 12. caused increased training on some fleets and 
decreased training on other fleets, therefore, the number of simulator (regulatory check) 
duties during that period were examined. 
 
Considering the fleet results demonstrated in Figure 13, the decreasing fleet experience 
levels and decreasing fleet  average ages  should be found on those fleets with the large 
growth in pilot numbers (and hence simulator sessions for training), that is the A320 and the 
B777, while perhaps the more stable fleet such as the B767 should have the more stable 
experience levels and ages. The overall results indicated that the pilot age and performance 
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Figure 13 Simulator Sessions per annum over 11 years 
 
4.1.5 Pilot Population Age Trends 
The increasing age of pilots over the 11 years of the study was shown in Figure 8, but 
further analysis was carried out to determine if the change was evenly spread across the 
eleven years and across the various fleets and resource groups.  
4.1.5.1 Average Pilot Age  
Average pilot age was based on the first simulator completed in each year over the 11 years. 
This age spread produced a normal distribution ranging from 26 to 81 years of age with 90% 
of the pilots ages between 33 and 63 years. The mode was 44 years and mean age 48 years, 
indicating the affect of small numbers of much older pilots. Those pilots over 74 years were 
the ground instructors (many were line pilots before retirement).  
       




Table 6 Summary of Pilot Age Statistics over the study period 
Summary of Pilot Ages including Ground Instructors for Eleven Years.  





25.5 81.2 48.48 44.00 48.30 9.11 41.7 55.1 31614 
Summary of Pilot Ages Excluding Ground Instructors for Eleven Years  
25.5 73 47.94 45 47.9 8.62 41.5 54.5 30619 
 
4.1.5.2 Annual Pilot Age Trends 
Table 7 below shows that during the eleven-year period under study the maximum age and 
the range of ages increased, while the minimum age remained relatively stable. As already 
noted, in 2006 there was a drop in the average age, but this was at the same time as the 
large increase in numbers seen in Figure 10.  
In summary, this analysis indicated that the increase in average age was being caused by the 
increase in the numbers of older pilots.  This increase in age had the potential to effect pilot 
performance.    
Table 7 Pilot Average Age by Year for First Simulator of each year  
N=Number of Pilots who completed Simulator Checks that year  
Year Mean Median Minimum Maximum Range N Std.  
Deviation 
2003 46.442 46.000 26.8 70.9 44.1 653 8.0410 
2004 46.510 45.950 26.4 71.8 45.4 688 8.3846 
2005 46.600 46.100 26.8 72.8 46.0 719 8.6194 
2006 46.217 46.100 25.5 73.8 48.3 834 8.9591 
2007 47.061 46.900 26.5 74.8 48.3 816 9.0303 
2008 47.383 47.300 25.8 75.8 50.0 826 9.3722 
2009 48.358 48.300 26.3 76.8 50.5 822 9.3957 
2010 49.302 49.400 28.0 77.7 49.7 815 9.2409 
2011 50.052 50.200 28.6 78.7 50.1 821 9.1216 
2012 50.680 50.800 30.0 79.6 49.6 806 9.0167 
2013 50.914 51.150 27.1 80.6 53.5 824 9.3330 
Total 48.208 48.000 25.5 80.6 55.1 8624 9.1536 
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4.1.5.3 Fleet Annual Pilot Age Trends 
Fleet age trends were examined to see if there was any identifiable difference in the age 
trends between the fleets over the time of the project. As Figure 14 shows the fleet trends 
were similar to the overall trend, in that average age increased over the 11 years of the 
project.  
In a unionised airline, where progression is by seniority number, the type of aircraft 
flown(fleet) and age closely equate with seniority and experience. That is, the older pilots 
would be expected in the higher ranks and on the larger aircraft. The normal progression 
through the fleets for a pilot is from the B737 to the A320 then the B767, then the B777, 
then the B747. The graphs also showed this seniority effect (as predicted) where the lowest 
average age was in the smallest aircraft and average age increased by aircraft size.   
 
Figure 14 Fleet Annual Average Age Trends 
 
The ages on the A320 and the B767 were very similar, and closer than would be expected if 
the trends were based solely on a seniority age effect. The ground instructors had the 
highest average ages over the period which would be expected from their progression from 
flying into these roles once they reached the flying retirement age. 
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4.1.5.4 Pilot Fleet and Rank  Annual  Average Age Trends  
The data were then examined by Resource group (as explained in the methods) to establish 
if the seniority principle applied to the ages within each fleet. That is, the ranks from oldest 
to youngest within a fleet are expected to be the Ground Instructors, Captains, First Officers 
and then Second Officers. The trend, caused by older pilots moving to more senior 
positions, was confirmed as shown in Figure 15 below. 
 
Figure 15 Resource group Age Trends over the 11 years 
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The progression for pilots is not only within a fleet but between fleets, so it was decided to 
examine age trends further in the pilot resource group patterns using iNZight analysis 
shown below in Figure 16. 
4.1.5.5 Pilot Resource Group Annual  Age Trends 
The resource group age trends over the study period (Figure 16) showed that some of the 
resource groups (I20, I33, I44, I6, I7 F44, S44, F7, S7) had a much steeper average age trend 
over the 11-year period than others. These groups tended to be those with the higher 
concentration of older pilots. 
 
















Pilot Age by Year of Study 
Split by Resource Group 
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4.1.5.6 Mean Ages of the Pilot Resource Groups  
A Tukey post hoc test was therefore run to consider the age means for the various groups 
(Table 8).  This analysis further confirmed there were differences in age group trends from 
those predicted by seniority. 
Table 8 Tukey Resource Group Summary Statistics for Age at First birthday in each year 
Resource Group Summary Statistics for Age 
 95% Confidence 













I44 48 66.652 9.3567 1.3505 63.935 69.369 45.9 80.1 
I7 64 62.642 7.4906 .9363 60.771 64.513 47.1 76.0 
I6 53 67.789 7.0828 .9729 65.836 69.741 44.4 80.6 
I20 65 60.000 8.6442 1.0722 57.858 62.142 42.8 76.0 
I33 49 67.000 7.2096 1.0299 64.929 69.071 40.6 77.0 
         
C44 559 58.089 3.2638 .1380 57.818 58.360 49.8 64.9 
C7 648 58.295 3.5601 .1399 58.021 58.570 46.1 65.0 
C6 742 53.044 3.3313 .1223 52.803 53.284 43.0 63.4 
C20 933 50.807 5.3880 .1764 50.461 51.153 36.0 72.3 
C33 881 46.220 5.6913 .1917 45.844 46.596 29.7 68.3 
         
F44 509 51.987 6.6072 .2929 51.412 52.563 39.2 70.6 
F7 602 52.040 7.3280 .2987 51.454 52.627 37.8 72.2 
F6 646 44.388 5.1404 .2022 43.991 44.785 31.3 65.5 
F20 795 42.631 5.7045 .2023 42.234 43.028 31.5 64.8 
F33 736 38.522 5.6846 .2095 38.110 38.933 25.5 62.0 
         
S44 459 39.165 6.8831 .3213 38.533 39.796 27.3 66.6 
S7 539 41.400 7.8700 .3390 40.734 42.066 26.0 73.0 
S6 296 37.265 5.7279 .3329 36.610 37.920 26.4 54.3 
         
Total 8624 48.208 9.1536 .0986 48.014 48.401 25.5 80.6 
Note: N=number of simulator sessions 
 
The Tukey post hoc test results showed that the pilot resource group mean ages divided 
into four clusters. 
Firstly, the ground instructor resource groups were the oldest with mean age over 60 and 
the I44, I33, and I6 having an average age over 66 as expected.  
Secondly, the C7 and C44 (the most senior fleets) had an average age over the period of 58, 
also as expected by seniority. 
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Thirdly, the C20, F44 and F7 had a mean age of 50-52, which was 10 years more than 
expected by seniority. These were also the positions where several over 65-year-old pilots 
(the ICAO age limit) had transferred to. 
The last two groups both  had average ages as expected by seniority and these were  the 
more junior  pilots positions (C33, F6, F20, S6, S7, S44, F33).  
4.1.5.7 Maximum Ages of Pilot Resource Groups 
Further inspection of the maximum age ranges of flying pilots only (not instructors) (Table 8) 
also revealed that the principle of seniority for the maximum ages did not appear to apply in 
all cases (that is the oldest pilots should be on the larger fleets and higher positions).   
The two domestic / regional fleet (A320 and B737)  ranks followed the seniority principle so 
that the order of the maximum  ages were for the A320 fleet  C20>F20 (72>65 years old) 
and for the B737 fleet C33>F33(68>62 years old).   
However, data on the maximum ages for the international fleets were as follows: 
B747 - S44>F44>C44 (73>72>65 years old) 
B777 – F7>S7>C7 (71>67>65 years old) 
B767 - F6>C6>S6 (66>64>55 years old) 
These different trends are probably explained by considering the effect of the ICAO rule 
limiting international pilots to age 60 as a Captain (at the time of the study), if the older 
pilots chose not to retire but either moved to the lower ranks on the same fleet or to A320 
or F737 command positions. The outcome of this movement would suggest that greater 
levels of age and experience might actually have been present , even in the lower ranks 
when considering age and performance.  
The following section 4.2 presents overall trends in pilot performance over the course of the 
study period. Performance scores for different ranks and resource groups are presented in 
section 4.2.3. Results related to possible learning effects are then presented in section 4.3, 
before the results for examination of pilot age and simulator score trends are presented in 
section 4.4. 
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4.2 Pilot Simulator Performance Scores Trends  
Performance of pilots in an airline situation is measured by their scores in simulator check 
rides, therefore the scores in these checks were examined as a measure of pilot 
performance. 
4.2.1 Annual Pilot Performance Scores 
When the average performance scores over the period of the study were plotted, there was 
a small negative trend in performance, as shown in Figure 17. The question arose as to 
whether this was due to the large intakes of pilots and hence decreasing experience levels, 
the increase in the ages of the pilots, or both of these, and perhaps a modified learning 
effect? 
 
Figure 17 Annual Average Pilot Simulator Performance Scores and Trend 
 
As has been illustrated previously (Figure 10), over the period of the study pilot numbers 
slowly rose for the first three years, then more rapidly in the 2005-2006 period. There was a 
corresponding increase then decrease in average performance scores Figure 17. This might 
be explained by the large numbers of new pilots and pilots changing fleets during the 
expansion. There was then a gradual increase in average performance scores for the 2008-
2009 period, which may have been due to the learning effect after the large intake. After 
2009 there was a steady decrease in performance until 2012 then a slight rise again in 2013 
Figure 17. 
 
       
   
 
54 
4.2.1.1 Annual Mean Pilot Simulator Performance Scores  
Examination of the performance  scores using a GEE approach showed that that estimated 
means for pilot performance scores varied over time (Figure 18), with the year having a 
statistically significant effect on the score (F(10,31603)=33.027, p=<0.001). 
The effect was not consistently up or down but there were patterns of four groups. These 
were: 2003-2005 with a steady increase in average score over the period, a large drop to 
2006-2007, then a slight increase to 2008 and 2009, then a steady decrease to 2010 through 
2012, and then a slight rise to 2013. These effects may have been due to expansion and 
retraction of fleets and the associated training and changes in experience levels that 
occurred.  Therefore, the learning effect needed to be considered.  
 
Figure 18 GEE Mean Average Scores over the study period with 95% confidence intervals 
Performance scores were therefore further examined by breaking the overall population 
down into smaller groupings. The first grouping was by fleet (B747, B777, B767, A320, B737) 
because each pilot in a fleet does exactly the same simulators so the performance scores 
should be more similar than cross-fleet scores. The ground instructors were also separated 
out as a distinct group from the flying pilots. 
4.2.2 Annual Fleet Pilot Simulator Scores  
Figure 19 demonstrates visually the impact of the year on pilot scores grouped by fleet (not 
including ground instructors), indicating  declining trend in average performance scores in 
all fleets except the B767, though even these scores were trending back closer to scores for 
other fleets towards the end of the period.  
       




Figure 19 Average Annual Fleet Simulator Performance Score Trends 
 
Although these results were based on analysis that did not take account of the repeated 
measures, they did indicate the presence of several different trends. Firstly, the more junior 
fleets (being the B737 then the A320) showed lowest starting scores for performance as 
would be expected. Secondly, as expected, the highest starting scores were for the Ground 
Instructors followed by the B747 fleet which was where most of the senior pilots were 
located. Thirdly, the Ground Instructors showed the highest rate of decline in scores. Finally, 
the average annual score trend of the B767 fleet increased over the period, which was a 
different trend to the other fleets.  
Table 9 Fleet Annual Average Pilot Simulator Performance Score Trends by Year 
 Trend Line R² P= 
All Pupils y = -0.005x + 4.1219 R² = 0.68682 <.05 
Ground y = -0.016x + 4.3062 R² = 0.79422 <.05 
B747 y = -0.0054x + 4.1509 R² = 0.30263 <.05 
B777 y = -0.0071x + 4.1139 R² = 0.72812 <.05 
B767 y = +0.0076x + 4.1177 R² = 0.33674 ns 
A320 y = -0.0041x + 4.1014 R² = 0.28756 ns 
B737 y = -0.0055x + 4.0687 R² = 0.44267 <.05 
 
These differences in trends needed further examination using GEE to allow for the repeated 
measures. All groups showed significant results. When the means of the average 
performance scores each year were considered, the analysis showed a decreasing trend in 






















Fleet Annual Average Simulator Score
Pilots only no Ground Instructors
B747 B777 B767 B737 A320
Linear (B747) Linear (B777) Linear (B767) Linear (B737) Linear (A320)
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The only other fleet that showed more than a minor variation was the B767 fleet which 
showed improvement over time until 2009, giving an overall positive trend, and then 
changed to a decline in scores. This raised the question of whether learning occurred on 
that fleet, due to a more stable pilot population. 
 
Figure 20 Annual Average Mean Simulator Performance Score split by Fleet with 95% confidence intervals 
 
Table 10 Fleet Statistics for Average score by Year of Study 
 ANOVA Descriptive GEE 
Fleet Years N P Mean S.D. β QICC P 
Instructors 11 995 <.001 4.2082 .22974 -.221 71.227 <.001 
B744 11 5571 <.001 4.1259 .19186 -.052 223.321 <.001 
B777 8 6668 <.001 4.0565 .18679 -.085 246.221 <.001 
B767 11 6102 <.001 4.1506 .19533 .144 244.637 <.001 
A320 11 6399 <.001 4.0702 .16215 -.038 187.391 <.001 
B737 11 5879 <.001 4.0359 .14211 -.135 136.446 <.001 
Note: df=degrees of freedom, p= significance, QICC = corrected quasi likelihood under independence model where small-is-
better form,   β= standardised coefficient, subgroups for GEE analysis shown on Table 2  
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4.2.3 Pilot Simulator Performance Score Trends by Resource Group  
 
Figure 21 Resource Group Simulator Performance Score Trends with 95% C.I. 
The average pilot simulator performance score over the 11-year period shows an expected 
decrease in scores from Instructor to Captain to First Officer to Second Officer, which would 
also follow the respective experience levels. 
4.2.3.1 GEE Analysis of Pilot Simulator Score Trends by Year in Resource groups 
Trends in pilot simulator performance scores over the years of the study for the four ranks: 
Instructors, Captains, First Officers and Second Officers, are further demonstrated in Figure 
22 to Figure 25 below. 
Table 11 GEE Analysis of Average Pilot Simulator Score by Year split by Resource Group 
Rank   B747 B777 B767 A320 B737 
Instructor Year <.05 <.05 <.05 ns <.05 
  Trend -0.030 -0.016 -0.010 -0.006 -0.017 
  QICC 13.021 16.458 12.380 14.718 5.948 
       
Captain Year ns <.05 <.05 <.05 <.05 
  Trend 0.0002 -0.010 0.005 -0.004 -0.008 
  QICC 92.050 88.002 119.987 108.632 69.187 
       
First Officer Age <.05 <.05 <.05 ns <.05 
  Trend -0.005 -0.007 0.010 -0.0002 -0.004 
  QICC 67.102 80.418 74.623 66.232 53.11 
       
Second Officer Year <.05 ns <.05 
 
  
  Trend -0.006 -0.002 0.014 
 
  
  QICC 48.072 71.027 38.972     




















Average Score by Fleet Rank( Resource Group)
(with C.I. 95%)
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This analysis also showed four resource groups had significant trends in simulator 
performance scores over the period.  
4.2.3.2 Instructors (average simulator performance score by year) 
 Amongst the Instructor Resource Groups, all had declining simulator performance scores 
over the period except for the I20 which had no significant trend (figure 15). 
Figure 22 GEE Analysis of Instructor Resource groups Annual Mean Average Simulator Performance Score with 
95% confidence interval 
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4.2.3.3 Captains (average simulator performance score by year) 
For the Captains resource group the B747 Captains did not have a significant trend in 
performance scores, while the B767 Captains had a significant positive trend over the 
period. The C777, A320 and B737 Captains all had significant negative trends in 
performance (figure 16). 
Figure 23 GEE Analysis of Captains Resource group Annual Mean Average Simulator Performance Score with 
95% confidence intervals 
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4.2.3.4 First Officers (average simulator performance score by year) 
Considering the first officers resource groups, the B767 First Officers had a significant 
positive trend in simulator scores. The A320 First Officers had no significant trend in scores, 
while the other three groups all had a significant negative trend in scores (figure 17). 
Figure 24 GEE Analysis of First Officer Resource Groups Annual Mean Average Simulator Performance Score 
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4.2.3.5 Second officers (average simulator performance score by year) 
B777 second officers had no significant trend in their performance scores while the B747 
second officers had a significant negative trend.  The B767 second officers had a significant 
positive trend initially, then tended to a negative trend in the later years (figure 18). 
Figure 25 GEE Analysis of Resource group Annual Mean Average Simulator Performance Score with 95% 
confidence intervals 
 
The Captains, First Officers and Second Officers on the B767 all had a positive simulator 
performance score trends which would suggest that the effect on the 767 fleet was 
equivalent for all the flying ranks. 
After examining the above results further explanation was sought for the changes over time 
being different on the B767 to that on the other fleets. A possibility considered was that the 
trends in simulator performance scores were influenced by a learning effect. The Simulator 
performance scores by the number of simulator sessions were then examined at the 
resource group level.  
     
 
       




4.3 Pilot Performance Scores Trends by Numbers of Simulator Sessions 
A learning effect in this study would be defined as an improvement in simulator 
performance scores over an increasing number of simulator sessions. In a stable population 
this would result in increasing performance scores on all fleets over the period of the study. 
To determine if a learning effect appeared to be influencing the score trends, the average 
score and the number of simulator sessions each pupil completed over the study period 
were considered. 
4.3.1 Overall Trends in Pilot Performance Scores by Number of Sessions  
A learning effect was not immediately evident for the overall data set as seen in Figure 26, 
although the margins of error increased at greater than 43 simulator sessions, probably due 
to the low numbers pilots who had completed that number of sessions. The few pilots who 
had more than 44 sessions (that is 4 sessions a year for 11 years ), would have been due to 
either a low performance and a re-fly of a session, or an rare overlap of scheduling that may 
carry a session either later into the first year or earlier into the last year.  
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4.3.2 Fleet Pilot Performance Score Trends by Number of Sessions  
 To further examine this, and recognising a learning effect over time could conceal other 
factors affecting the simulator scores,  performance scores versus the simulator count 
(number of simulator sessions per pupil) were also examined by individual fleet.  
The performance scores did not appear to show evidence of learning (change) in any fleets 
except the B767 in the early years (Figure 27). Overall the 767 fleet scores increased over 
time whereas other fleets had a decline in performance score trends 
Again, greater variability in the simulator performance scores were seen at high numbers of 
simulator sessions. Interestingly, the B777 had high variability also at low numbers of 
sessions, and the B747 and the B767 each had 3 areas of progressive steps in increased 
variability. 
Figure 27 GEE Average Simulator Performance Score by simulator Count Split by Fleet with 95% confidence 
intervals 
 
Since the whole fleet performance score trends overall may not be indicative of each rank 
within the fleet, the separate Resource Group performance scores were then considered.  
    
 
       




4.3.3 Resource Groups’ Pilot Performance Score Trends by Number of Sessions  
As can be seen in Table 12 below, there was a mixture of results.  
The only groups showing a positive learning effect in terms of their performance scores 
were the F6, S6, and S7 groups. Performance in the F20 group was trending positive but this 
was not significant. 
 Two instructor groups (I4 and I3), two Captain positions (C6 and C3), two First Officer 
positions (F4 and F7) and one Second Officer position (S4) actually had significant negative 
trends in their performance.   
Table 12 GEE Analysis of Resource Group Performance Scores by Number of Simulator Sessions 
Rank 
 
B747 B777 B767 A320 B737 
Instructor QICC 12.765 16.668 12.437 14.753 5.901 
  Count <.05 ns ns ns <.05 
  trend -0.009 -0.002 -0.002 -0.001 -0.004 
       
Captain QICC 92.045 120.234 86.97 108.856 69.701 
  Count ns ns <.05 ns <.05 
  trend 0.000 0.001 -0.003 -0.001 -0.002 
       
First Officer QICC 67.12 80.679 74.506 66.025 53.453 
  Count <.05 <.05 <.05 0.053 ns 
  trend -0.001 -0.001 0.003 0.001 -4.72E-05 
       
Second Officer QICC 48.347 70.762 39.432     
  Count <.05 <.05 <.05 
 
  
  trend -0.001 0.001 0.006     
Note: QICC= The Corrected Quasi-likelihood under Independence Model Criterion  
 
Additional graphical displays related to Table 12 data are shown in figure 21 below. Only a 
few instructors had large numbers of simulator checks because pilots and instructors 
seldom stay in the same resource group for 11 years. Therefore a few widely different 
scores at these levels could have caused the larger average mean error rates and produced 
the non-significant model results.  
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4.3.3.1 Graphical display of Learning Effect by Resource Group 
Figure 28 Instructor Resource Group Trends in Simulator Performance Scores by Number of Sessions 95% 
confidence interval 
The variability at high numbers of simulator sessions is noticeable in these graphs and may 
be due to the low numbers of instructors who stayed on the same fleet for that number of 
sessions.  
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The Captains on the B747 and the B767 were showing a potential learning effect up to 
around 20 simulator sessions but this effect did not continue, and hence did not result in a 
significant trend as shown in Table 12. 
Figure 29 Captain Resource Groups Trends in Simulator Performance Scores by Number of Sessions with 95% 
confidence interval 
 
A similar trend of increased simulator performance scores was seen in the First Officers on 
the B767 though for this group the potential learning effect was long enough that it 
remained statistically significant over all simulator sessions Table 12. 
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Figure 30 First Officer Resource Groups Trends in Simulator Performance Scores by Number of Sessions with 
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There was also a very strong learning effect (simulator performance score increase with 
number of sessions)  with the B767 Second Officers Table 12. 
Figure 31 Second Officer Resource Groups Trends in Simulator Performance Scores by Number of Sessions with 
95% confidence interval 
 
Overall, these results for the simulator performance score increases or decreases with the 
number of simulator sessions would tend to suggest that factors other than a learning effect 
(except on the F6,S6,and S7) were affecting the score trends. The results for the impact of 
pilot age on simulator performance scores are therefore presented next. 
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4.4 Pilot Age and Pilot Simulator Performance Score Trends 
4.4.1 Score Trends with Age for All Pilots over the 11-year study period 
When age and score are considered for the period of the study it  appears that with 
increasing age the score decreases  (Figure 32). 
 
Figure 32 Annual Average score over Eleven Years 
However, as was seen in Figure 17 there is also a decrease in score annually irrespective of 
age. Therefore, the data were split into smaller groupings to further examine performance 
scores and age trends over the eleven years. 
 
4.4.2 Pilot Age Groups and Pilot Simulator Performance Scores 
Initially all pilots were considered (Figure 33), then pilots without the ground instructors 
(Figure 34).  When the results of the ground instructors simulator performance scores were 
removed the rest of the pilots had a decreasing trend in performance from the 45-49 year 
group on. However with instructors included there tended to be a continual upward trend in 
performance scores except for the 60-64 year, and the 65-69 year group. 
       




Figure 33 Score Trends and Age groups of Pilots and Ground Instructors 
 
Figure 34 Score Trends and Age groups of Pilots without Ground Instructors 
 
4.4.3 Pilot Rank Average Pilot Performance Scores by Age 
Interestingly, when the simulator performance score data were further grouped by different 
ranks it can be seen that the trend lines for the Instructors and second officers were both 
straight lines trending down while those of the captains and first officers were closer to 
polynomials; suggesting that increasing age appeared to be associated with an increasing 
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The instructors and second officer ranks followed the overall downward trend in scores 
irrespective of age and the captains and first officer ranks showed an increasing 




Figure 35 Rank Average Age and Score Trends 
 
However, because each fleet has the same simulator session detail irrespective of rank the 
database was then separated into fleet groups to see if there was a discernible fleet effect 
on the age-related simulator performance scores. 
4.4.4 Fleet Average Pilot Performance Scores by Age 
Analysis based on fleet groups revealed distinctive declines in the average simulator 
performance scores for all fleets for older pilots, but these were also the areas of lower 
numbers of recorded scores (figure 29). Therefore, these declines may be attributable to the 
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Figure 36 Fleet Age and Simulator Performance Score Trends 
 
Interestingly the highest score on each fleet occurred for pilots in their early fifties, except 
for the B737 which was at about 44 years of age. Some of these peaks in scores were over 
very small numbers of pilots (A320 and B737) so this had the potential to lead to erroneous 
conclusions. Also, in these fleet graphs all ranks are combined so that that the multiple 
peaks in simulator performance scores could be reflecting a peak performance in a different 
rank at a different age.  
 
       




Table 13 Fleet Average Simulator Performance Score Trends with Age 
 
Fleet Trend Line R2 
All y =  -0.0006x2 + 0.0135x + 4.0382 0.7713 
Ground y = -0.0039x2 + 0.0047x + 4.3086 0.9381 
B747 y = -0.0020x2 + 0.0104x + 4.0329 0.3165 
B777 y = -0.0002x2 + 0.0082x + 3.9947 0.2550 
B767 y = -0.0004x2 + 0.0181x + 3.9840 0.3813 
A320 y = -0.0002x2 + 0.0044x + 4.0250 0.3284 
B737 y = -0.0001x2 + 0.0039x + 4.0140 0.5150 
 
When the regression models for performance trends with year of simulator session (Figure 
19 and Table 9)  or age (Figure 36 and Table 13)are compared using the R2 values (Table 14), 
it can be seen that polynomial trend lines for the average pilot simulator performance 
scores with age appeared to better explain the change in scores over the 11 years than the 
linear trend lines for average pilot simulator performance by year, except for the B777 fleet.  
Table 14 Comparison of Fleet Simulator Performance Score Models 
Fleet R2 
Score Trend by 
Year 
R2 
Score Trend by 
Age 
All 0.68682 0.7713 
Ground 0.79422 0.9381 
B747 0.30263 0.3165 
B777 0.72812 0.2550 
B767 0.33674 0.3813 
A320 0.28756 0.3284 
B737 0.44267 0.5150 
 
 
Therefore, to clarify the issue of increasing or decreasing age-related scores the fleets were 
next examined at the resource group level. 
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4.4.5 Resource group Average Pilot Performance Score by Age Trends 
4.4.5.1 Pilot Resource Group Average Simulator Score by Age Trends 
iNZight was used to separate the data by fleet and rank into resource groups to help visually 
examine linear correlation trends. 
 
Figure 37 Pilot Age and Simulator Performance Score Linear Regression Analysis by Resource Group 
Every pilot resource group had a decline in simulator performance score as pilot age 
increased. Some of the steepest declines were seen in the groups with the oldest pilots. 
That is, the Ground Instructors, the Captains on the B777 and A320, and the First Officers on 
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4.4.5.2 GEE analysis comparing models with Age as a factor and Age x Age2  
Further analysis using GEE (which accounted for repeated measures) showed that in most 
cases the linear model was better than the quadratic to explain simulator performance 
score changes with age (Table 15). In the case of the C44 the Quadratic model was a better 
predictor as age alone was not significant. In the I6, I33, C33, F33, S44, where age and age2 
were significant, age had a positive trend but age2  did not indicating that the positive effect 
of age was very slowly weakening.  
Table 15 GEE Linear and Quadratic Trends Comparison for Pilot Age Effects on Simulator Scores 
 
Note: QICC= The Corrected Quasi-likelihood under Independence Model Criterion Age2 = Age2 = Age squared 
  
       




4.5 Effect of Instructor Age on Average Pilot Performance Score 
To consider the reasons for the positive trend in performance on the B767 fleet and to 
check whether the age of the instructors had an effect on the average simulator 
performance scores, another regression of instructor age on the average simulator 
performance score of the pupil was also considered.   
The results showed that in the following resource groups the instructor age had a significant 
positive effect on pilot simulator performance score: I44, C44, I6, C6, F6, S6, I20.  
However, for the F20, and S44 there was a negative trend in pupil simulator performance 
scores as instructor age increased.  These two resource groups had some of the most junior 
and therefore the least experienced pilots (Table 16 and Table 8). 
Table 16 GEE Pilot Average Simulator Performance Score with Instructor Age 
Rank 
 
B747 B777 B767 A320 B737 
Instructor QICC 13.52 16.726 10.939 13.981 6.385  
Instructor Age <.05 ns <.05 <.05 ns  
trend 0.01 -0.001 0.012 0.008 -0.0002 
       
Captain QICC 91.635 89.192 118.106 109.005 71.189  
Instructor Age <.05 ns <.05 ns ns  
trend 0.002 0.0005 0.004 -1.10E-05 8.00E-05 
       
First Officer QICC 67.415 80.909 75.495 65.653 53.387  
Instructor Age ns ns <.05 <.05 ns  
trend -0.0001 -0.0004 0.003 -0.002 0.0005 
       
Second Officer QICC 48.183 70.976 40.559 
  
 
Instructor Age <.05 ns <.05 
  
 
trend -0.002 -0.001 0.003 
  
Note: QICC= The Corrected Quasi-likelihood under Independence Model Criterion  
 
Although the  positive effect of increasing instructor age on average simulator performance 
scores of pupils was significant for seven resource groups (Table 16), in most cases pilot age 
was a better predictor (a lower QICC) for pilot simulator performance scores than instructor 
age  meaning that pilot age had a greater effect on their simulator performance score.  
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There were only four Resource groups C44, C6, F6, S6 that showed non-significant trends for 
pupil age but significant trends for instructor age when both factors were considered 
together. In all these four groups instructor age was a better predicted of performance than 
pupil age, as previously noted. 
Additionally, for the Captains on the B747 and the Instructors on the B767, the instructor 
age was the better predictor of pilot simulator performance than any other model (Table 
20). Both these resource groups contained the oldest pilots in that rank, that is the most 
senior and oldest captains were on the B747 and the oldest ground instructors were on the 
B767.  
These results generally indicated, that as the older instructor aged, they were giving pupils 
better marks. An alternative explanation may be that the pupils were more relaxed and 
performed better with the older instructors or that it was due to fairly stable unchanging 
senior fleet resource groups that were comfortable with the aircraft and all the procedures.  
 
4.5.1 Effect of Pupil Age or Pupil plus Instructor Age on Pilot Performance Scores 
When pilot age and instructor age correlations were considered together as shown in Table 
17, five groups (I44, S44, I20, F20, C33) had significant models but in all cases, age alone was 
a better predictor of simulator performance score.  
 
Interestingly in three of the five cases pilot age had a negative effect and instructor age had 
a positive effect on simulator performance score therefore moderating the effect of pilot 
age. While in two resource groups (C33 and S44) pilot age had a negative effect and 
instructor age also had a negative effect. 
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Table 17 GEE analysis comparing models with Age plus Instructor Age 
 
 
Note: QICC= The Corrected Quasi-likelihood under Independence Model Criterion. Age= Pilot Age. Instr Age=Instructor Age..  
 
4.6 Pilot Resource Group Average Performance Score Trends with Multiple Factors  
4.6.1 The Effect of Age Compared to Combined Age and Year on Pilot Performance Scores 
GEE analysis of the effect of both age and year on pilot simulator scores, showed that the 
I44, C33 and F33 groups all had models where increasing age had significant negative effect 
on simulator scores; and as the study progressed the year of the study also had a significant 
negative effect on the simulator performance marks (Table 18). However in all three  cases 
age alone was a better predictor of average simulator performance scores.  
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For the C6 and F6 groups, models for age alone were not significant but when including both 
age and year they showed that age predicted a negative trend and year a positive and 
stronger trend.  The positive annual simulator score trends over the time of the project (1 to 
11 years) were also noted earlier in section 4.2.3.1(Table 11), when presenting the results 
for average pilot simulator scores by Resource Group (C6,F6,S6) with just “year” as a factor. 
Table 18 GEE Analysis Comparing Effects of Pilot Age and Pilot Age plus Year on Pilot Simulator Scores 
  
Note: QICC= The Corrected Quasi-likelihood under Independence Model Criterion. Age= Pilot Age. Year= Year of study.  
4.6.2 The Effect Age plus Number of Simulator Sessions on Pilot Performance Scores 
Age alone was a better predictor of  resource group average simulator performance scores 
than using age with simulator session counts. The exception was the S7 resource group 
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where age and simulator session count had an effect, suggesting that a learning effect was 
important here. In situations where both Age and Number of Simulator Sessions were 
significant factors there were two distinct groups.  
Firstly, the C33 and C6 groups where the effect of age and age plus number of simulator 
sessions both had a negative effect on the simulator performance scores. 
Secondly, the F6, F20 and S7 groups where the effect of age on the simulator performance 
score was negative and the effect of age plus number of simulator sessions had a positive 
effect on the average simulator performance scores thus moderating the age effect (Table 
19).  
Table 19 GEE analysis comparing models with Age as a factor plus Age and Count 
 
Note: Count = number of simulator sessions. Age = Pilot age   QICC= The Corrected Quasi-likelihood under Independence 
Model Criterion  
       





4.7 Summary of Results 
Overall from the various analyses of the factors affecting pilot simulator performance scores   
presented in this chapter the best models (lowest QICC scores) to describe the movement in 
pilot simulator performance scores in each Resource Group are as shown in Table 20 below.  
For most Resource Groups age alone best describes the trend in simulator scores over time 
ranging from a 1.2% increase to 1.1% decrease in score per year of age.   
 For the B747 and B767 Captains the instructor age in years was the most significant factor, 
having a positive effect on scores of 0.2% and 0.4% respectively per year. 
Table 20 Summary of  Resource Groups and main Effects on Pilot Simulator Performance Score Trends 
 
 









Note: Models found to explain the change in pilot simulator scores: Age= Pilot Age, Instr = Instructor Age, 
Count= Number of Simulator Sessions, Year= Year of simulator sessions, ns= no significant model was found 
In addition, the learning effect (simulator performance score increase by number of 
simulator sessions) was the most important factor for the B737 Instructor group (negative 
0.4%), B737 Captains (negative 0.2%), and the B767 Second Officers (positive 0.3%). 
Rank 
 
B747 B777 B767 A320 B737 
Instructor QICC 12.52 16.458 10.939 13.981 5.901 
 
Significant  Age Year Instr Age Count  
trend -0.0111 -0.016 0.012 -0.008 -0.004 
       
Captain QICC 91.635 87.916 86.97 108.27 67.187 
 
Significant  Instr Age Count Age Year 
 
trend 0.002 -0.007 -0.003 -0.003 -0.008 
       
First  QICC 65.059 80.223 74.506 64.994 52.353 
Officer Significant  Age Age  Count Age Age  
trend -0.005 -0.002  0.003 -0.004 -0.004 
       
Second  QICC 48.072 69.196 38.972 
  
Officer Significant  Year Age Year 
  
 
trend -0.006 -0.004 0.014 
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Finally, the year of the details was the most important factor from the B777 instructor group 
(negative 1.6%), and the B767 Second officers (negative 0.4%). 
Overall, in summary, all the variables examined only had  minor effect on the pilot simulator 
performance scores over the period. If the average simulator performance score of the 
resource groups are considered over a span of ten years the largest effect would be  in a 
range from a 12% increase in average simulator performance score  to a 11% decrease in 
average simulator performance score.  Since the average simulator performance score over 
the period of the study for all the resource groups was  between 4.12 and 4.06, an average 
decrease in score  would  not be of sufficient size to have caused a failure, only a reduction 
in the average grade from a good pass to a  pass .
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5 Discussion  
 
The principle objective of this research was to examine the impact of age on the 
performance of airline pilots. The main findings were that for most fleet types and ranks, 
pilot age did have an effect on the pilot average simulator performance score, and therefore 
on performance as defined in this study. Although the decline in performance with age is 
statistically significant, in practice the level of decline is minor. 
 This chapter discusses these findings in detail, including their exceptions and limitations. 
The discussion covers the implications of the aviation rule and company fleet changes 
occurring during the period. Also discussed are the implications of using age 65 either as a 
maximum age for pilot employment as regulated by ICAO, or for pairing restrictions of older 
pilots as required by the NZCAA. 
5.1 Pilot Simulator Performance Score Trends 
During the period of for which data was available the airline transport pilot age rules were 
changing (Table 1), the pilots were growing older (Table 7), the ground instructors were 
growing older, the composition of the fleets was changing (Figure 12), and the average 
simulator performance scores were decreasing (Figure 17). The question then arose as to 
why the performance of pilots appeared to be decreasing and how this could be explained. 
To clarify the various trends in the simulator performance scores and the factors affecting 
them such as the year of testing, the age of the pilot, and the number of simulator sessions 
each pilot had during the 11  years of the study period, pilot performance was considered 
overall, and at the resource group level. 
5.1.1 Decline in Pilot Simulator Performance Scores are associated with Age 
When simulator performance score trends were examined 13 out of 18 resource groups 
showed a statistically significant decline with age. Some resource groups had a steeper 
negative linear score trend with age over the 11-year period than others, and these groups 
tended to be those with the higher concentration of older pilots. However, even the largest 
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decline in these groups was still only 1% of a mark per year meaning that the decline would 
not have a recognisable practical effect on pilot performance for many years.  
Interestingly, the quadratic models for the effect of age on simulator performance score 
showed that six resource groups had significant trends and in all cases age had a positive 
effect on average simulator performance score while age 2 had a negative effect, indicating 
the positive age effect was decreasing as the pilot got older (Table 15).  
5.1.1.1 Rank Simulator Performance Score Spread Within Each Fleet 
Examination at resource group level (Figure 35) showed the spread in simulator 
performance scores by rank was as expected, with the scores decreasing as the seniority of 
the ranks (and the experience of the pilots in that group) decreased.  That is, a decrease 
from instructor to captain, to first officer, to second officer. However, this was not 
statistically significant in that the 95% confidence interval of all these scores overlapped.  
5.1.1.2 B767 Exceptions 
For most resource groups there was a decline in score with age. However, for the pilots in 
one fleet (Captain B767, First Officer B767, Second Officer B767) age had no significant 
effect on average simulator performance score. In these resource groups the average score 
was significantly affected by the year of simulator sessions, the number of simulator 
sessions over the period of the study and the age of the instructor.  
When separated by fleets the B767 fleet appeared to have a positive learning effect for the 
first half of the period but then the simulator performance scores declined in the later part 
of the study (Figure 20). This pattern was very similar to the year effect on the B767 fleet 
scores (Table 10). Also, three B767 resource groups Captains, First Officers and Second 
Officers), had a positive simulator score trend with the year of the sessions (Table 10) and 
with increasing instructor age (Table 16). Furthermore, closer examination of the B767 ranks 
suggested a positive learning effect for both B767 First Officers (Figure 30) and B767 Second 
Officers (Figure 31), which would also explain the increase in scores over time. In contrast 
for Captains simulator performance scores increased by year of the study but decreased by 
number of sessions, that is a negative learning effect which would tend to suggest that 
those who stayed the longest on the fleet had a decline in performance despite the increase 
for the resource group over the period of the study. 
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Overall, there was a positive simulator performance score trend through the years of the 
study for the B767 fleet which would suggest that the other factors studied may have 
overridden the annual negative age effect seen in the other fleets and ranks.  Changes in the 
fleets and the movement of pilots between positions as mentioned below could have had 
an effect on the B767 fleet. 
5.1.1.3 B747 Captains 
When the B747 captains’ models for performance were considered, age alone was not 
significant, but the quadratic model for age and age2 was significant and showed 
performance improving with increased age but the rate of improvement was declining as 
they got older. All other resource groups who had significant quadratic models with  similar 
trends, that is  increasing performance with age with a decreasing effect as they grew older, 
also had significant models where age alone was a better predictor.  
 
Therefore, generally one could say that in all cases of the flying pilots, age does have an 
effect on performance unless the effect is hidden by an overriding effect such as instructor 
age or a learning effect as discussed below.  
5.1.2 Other Internal Influences on the Pilot Simulator Performance score 
Two issues had been raised anecdotally during the study. The first was whether there was a 
learning effect taking place during the simulator checks and the second was whether the 
age of the instructor had an effect on the level of marks of the older pilots.  
 
5.1.2.1 Learning Effect 
If a learning effect is defined as the positive change in simulator performance scores by the 
number of simulator sessions, then during the 11 years of the study there appeared to be 
no learning effect overall (Figure 26). When analysing for a potential learning by fleet, with 
the ground instructors treated as a separate fleet effect (Figure 28), there was actually a 
steady decline in simulator performance scores over the period.  As mentioned in the 
Methods (Section 3.3.2) the simulator checks were designed each year to give a new 
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scenario and content. The expectation associated with this was that the pass scores would 
be similar from year to year and the results seen here appear to support this outcome.  
The possibility of the learning effect confounding the age effect was considered, as 
demonstrated by the GEE model presented in Table 19, and it was interesting to note that 
only three resource groups indicted that a positive  learning effect was moderating a 
negative age effect. Furthermore it was only the F6 group where the learning effect 
cancelled out the age effect. 
5.1.2.2 Instructor Bias 
Finally, it had been mentioned that older instructors gave higher scores to older pilots 
and/or instructors marked their peer group more easily. This question was investigated for 
all resource groups.  
When the age of instructors was considered as a factor in the pilot performance scores the 
results showed that instructor age had a significant effect in nine resource groups. For seven 
resource groups (I44, I6, I20, C44, C6, F6, S6) an increased instructor age caused a positive 
effect on pilot simulator performance scores, while instructor age had  a negative effect in 
junior ranks (A320 first officers and the B747 second officers). However, instructor age was 
the best predictor for simulator performance in only two resource groups of the 18, the 
B747 captains and the B767 instructors. 
These results would tend to suggest that the older instructors had no bias towards others of 
their own age except in the case perhaps of the B747 captains and the B767 instructors. 
Some studies have shown that older pilots perceive younger as being less competent 
without any objective evidence (Stelmach, 2005) while others found subjective bias but this 
was not confirmed by objective ratings(Hyland, Deimler, et al., 1994).  Further qualitative 
and quantitative research would be required to determine if this bias truly existed and if so 
the reason and the effect overall. 
Considering all the models and factors involved (age, year of check, number of simulator 
sessions, quadratic model for pilot age,  pilot age with year, age with number of sessions 
and pilot age with instructor age) the best predictors for pilot simulator performance scores 
within the eighteen resource groups were as follows: age as a predictor of pilot 
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performance: 50% of the resource groups; year of check as a predictor of pilot performance:  
22%; number of simulator sessions as a predictor of pilot performance: 17%; and instructor 
age as a predictor of pilot performance: 11%.  
 
5.2 External influences on Pilot Performance  
The two main airline factors which were changing during this study were the aircraft types 
and numbers and therefore pilots, and the rules limiting the maximum working age of 
international airline pilots.   
5.2.1 Year had a Significant Effect on Pilot Performance Scores by Resource Group 
Analysis of activity over the period of the study (Table 11) indicated that the year of the 
simulator check had a significant effect on the average simulator performance score for 12 
of the 18 resource groups.  Furthermore, for each group that had a significant trend in 
simulator performance score by year, that trend for the majority was for the simulator 
performance score to decline. In four of the groups the year had a positive effect but three 
of these were on the B767 as mentioned earlier. All these results seemed to suggest that 
the scores (and therefore the performance as defined in this study) were in some cases 
declining each year irrespective of age. The reasons for this may be explained by the fleet 
movements occurring as mentioned below.  
5.2.2 Changes in Fleet Composition and Pilot Performance Scores Over the 11 years  
During the period of the study the composition of the fleets underwent significant change. 
The A320 fleet was introduced at the start of the study in 2003 while the B777 was 
introduced in 2006; at the same time a decline in numbers of B767 aircraft occurred, then 
later in 2010 the B747 was replaced by the B777 fleet. These fleet changes caused a large 
growth in pilot numbers and training requirements in the period from 2005 to 2009.  
Consequently, a large increase in simulator checks and pilot numbers occurred during the 
2005-2006 hiring period and during the 2009-2010 build-up for the start of the B777 
operation.  The differences between the growing and declining fleets were also reflected in 
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the number of simulator check sessions seen for each fleet. Later in 2011-13 there was a 
decline in the number of simulator sessions as training load decreased, and the B747 fleet 
size decreased. 
The annual simulator performance scores showed an overall decline during the 11 years as 
mentioned above. When examined more closely the decline could be separated into three 
separate year clusters (Figure 20) and there are a number of possible explanations for these.  
It appears that these changes all seemed associated with experience levels changing as 
fleets, and hence pilot numbers, expanded and contracted which appears in the results as 
increasing fleet changes and reducing pilot performance scores over some periods.  
The first cluster of three years was a fairly stable period (2003-2005) with the numbers of 
pilots not increasing; the simulator scores increased, which would be expected as 
experience increased during this period with few fleet changes. Between the first and 
second cluster was the big hiring period (2005-2006) for the B777 introduction where the 
marks declined steeply most likely due to lower experience in the pilots. Then, in the second 
cluster the marks were observed to level out (2006-2007) and then increase from 2007 to 
2009. The third cluster was the period 2009 to 2012 which was the time of big fleet changes 
and again the marks decreased. Finally, between 2012-2013 as the fleets stabilised the 
marks overall again showed a slight increase again (Figure 22, Figure 23, Figure 24, Figure 
25).  
At the fleet level the marks of the ground instructors and all the fleets declined over the 
period except for the B767, which showed an improvement with a peak in 2009. All other 
fleets were expanding or contracting while the B767 fleet remained relatively stable in 
terms of size.  
5.2.3 International Rule Changes and Increasing Pilot Average Ages   
The increasing age observed during this period can be linked to the changes in international 
rules increasing the mandatory retirement age mentioned in Chapter 2 (Table 1).  These 
changes are manifested in the results presented here, where the age profile of the airline 
changed from having a peak age band of 40-44 in 2003 then 45-49 in 2006 and finally 50-54 
in 2013 at the end of the study. Confirmation of this can also be seen in the fact that the 
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mean age of the pilots over each of the eleven years rose from approximately 46.5 to 51.5 
years.   
When each year was considered separately the trends in ages showed that the minimum 
age was not changing, but the maximum age was increasing each year to a peak of 80.6 
years old for one of the instructors. The ground instructors were generally hired from the 
retired pilot population, with a few younger overseas pilots also hired. The age range was 
larger and the mean age for this group was much higher than the general pilot population, 
so they were considered separately. The maximum age for flying pilots was 73 years old. 
Each fleet was also examined for age trends and the results showed a steadily increasing 
average age in all resource groups, even in the most junior positions. In fact, some of the 
more junior ranks had higher maximum ages than the senior ranks, most likely due to the 
effect of the rule changes mentioned earlier where the maximum ages for airline pilots 
increased from 60 to 65. In 2013, the pilots could work until age 65 as an international 
captain, but after that they had to transfer to domestic/regional work as a captain or reduce 
rank on the international fleets to a first or second officer. This movement of the older pilots 
most likely explains why  the domestic/regional captains (on the A320 and the B737) and 
the first officers on the two most senior international fleets (B747and B777) had higher 
maximum ages than the captains on the three international fleets (B747, B777 and B767), 
and larger age ranges in the positions which they would have transferred to (Captain A320 
and  B737; First Officer B747, B777, and B767; Second Officers B747, B777, B767). 
The maximum age in the B777 first officers was greater than the first officers on the B747 or 
B767 which would not be expected by seniority but can be explained by the fleet movement 
at the time. When the B747 fleet was being replaced by the B777, and the number of pilot 
positions on the aircraft were decreasing, the most junior pilots in each the rank were 
normally down trained to more junior fleets (B777 or B767) first, unless there was a 
problem with the age pairing requirements. These requirements stated that for every 
captain who was over 60 the other pilot in the front seat (first officer) had to be under 60. 
To keep the numbers of over 60 year old captains and under 60 year old first officers 
balanced,  the first officers over 60 (usually the most senior first officers) were down trained 
from the B747 to the B777 out of seniority, that is before their younger colleagues.   
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When the older pilots remained flying after reaching the maximum international Captains 
age of 65 and then down trained to other positions such as first officers on the B777 or 
captains on the A320, more experience was transferred to the more junior ranks. This 
transfer of experience might be expected to increase the simulator performance scores of 
the more junior resource groups while the increase in age might be expected to decrease 
the scores. However, the two effects could not be accurately separated in the current study.   
5.3 Limitations and Future research 
5.3.1 Pilots as Crew and not Individuals 
All the simulators checks are flown as a crew, that is with a pilot in the left seat and the right 
seat, usually a captain and a first officer but there can be two first officers or even a second 
officer and a first officer. The two pilots each fly for two hours with a break in between and 
are marked individually and how they interact as a crew.  The effect of one crew member’s 
age or performance score on the other crew member’s performance score was not studied 
here because CRM is not recorded unless outstandingly good or bad. As noted by Salas, 
Wilson, Burke, Wightman, and Howse (2006)a large part of good CRM and therefore a good 
outcome in a problem is team leadership and shared situational awareness, and this may 
have different dynamics depending on the rank and experience of the crew members. Salas 
et al (2006) also note that feedback is important in training scenarios, so if crew are not 
getting feedback, then their training will not be as effective as it should be. Others have 
noted that task management on the flight deck is complex and needs further study(Holder, 
Jacobsen, Nikolic, & Whitlow, 2016). The impact of other team members during simulation 
testing could therefore be looked at in future studies, to see if age or crew combination was 
making a difference. 
5.3.2 Command Gradient 
Further covariate analysis could be carried out in the future to determine if the age of the 
crew member #2 had an effect on the performance of crew member #1 (as defined by a 
change in scores). Such analysis would be used to look at whether the best or worst scores 
were achieved by crews of two older pilots, two younger pilots or pilots of similar ages. 
These results could then indicate whether the current pairing restrictions stipulated by 
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ICAO, that if one pilot is over 65 the other pilot must be under 65, are valid. There is no 
direct or indirect scientific evidence to support this provision and there is no indirect 
evidence in this study that would support this current rule, so further research would be 
very useful in this area. (Simons et al., 2019) 
Further research could also answer the question of whether a steep command gradient 
(much older captain and very young new first officer) or a shallow one (crew of 
approximately the same age and experience) results in better crew performance in 
simulator checks(Anonymous, 2013; Davidson & Brennan, 2019). 
5.3.3 Total time in the Airline and total time in a Resource Group  
Another limitation of this study was that the total time pilots had been working in the airline 
was not recorded, nor was their total flight time or their total time on a particular fleet. If 
this information had been available it  could have given another dimension to the data and 
could help to answer some other questions.  For example, there were some pilots during 
the 11 years who flew as a B777 first officer (F7), then a captain (C7), then returned to the 
first officer ranks(F7). There could be further analysis of marks for these same pilots where 
the two periods as a first officer were differentiated. It was not possible to compare 
performance scores of those who were being down trained onto the fleet (moving down in 
rank or fleet) and those who were being uptrained onto the fleet/resource group. That is, 
those being down trained would have had more experience, so it would have been useful to 
be able to determine whether their scores better than those being uptrained onto the fleet. 
Also some literature suggests that too much time in one position can make a person stale 
(Demerouti, Veldhuis, Coombes, & Hunter, 2019) and this may have accounted for the 
decline in marks after a certain length of time.  
5.3.4 Self-selection by Older Pilots  
Longitudinal studies are subject to cohort effects, but over the eleven-year period of this 
study none have been identified(Blanchard, Bunker, & Wachs, 1977; Davidson & Brennan, 
2019; Hyland, Deimler, et al., 1994). For example, the effect of self-selection is one which 
may have occurred if those who were sick or felt incapable of continuing, could have retired 
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before their marks decreased to an extent to be noticed.  This would have caused the effect 
of age to have been underestimated for the older pilots. Conversely pilots who were less 
self-aware may have stayed, and their marks would be lower than others in their cohort; the 
effect of age on the group would therefore have been overestimated in this case. The only 
way to satisfy this question would be to track the pilots after they left the airline and use 
some equivalent pre and post retirement testing. 
A further related issue may be that the analysis using GEE linear mixed models assumes that 
missing data is random, but this may not be the case in the upper ages of this study as 
mentioned above. Euser et al (2008) have suggested that selection for health and survival 
results in better age-specific cognitive test scores and less cognitive decline, therefore this 
type of analysis of these factors could be considered in future studies.  
5.3.5 Marking Scheme 
There were two areas where the marking system used for grading the pilots performance in 
the simulator proved to have limitations.  
Firstly the range of marks Table 1 was very narrow, it appeared the markers tended to aim 
for a ‘4‘ as an average mark because a ‘3’ was seen as only just competent even though the 
scheme classified ‘3’ as an average score.  In terms of further examining the subject of pilot 
age and safety limits the Likert scales could be widened to allow for more options beyond 
the ‘competent’ level, which would allow trends to be  identified more clearly. Although 
instructor training is carried out every year and marking trends discussed, the issue has not 
changed over time (Manager Standards and Training, Personal Interview, 2014). 
The smallest unit that was analysed in this study was the resource group and the highest 
annual rate of decline in performance with age over the 11 years  for any resource group 
was 1%. If the decline is considered linear then it would take many years (greater than the 
working life a pilot in the company) to lose one mark and move from the average ‘4’ to a ‘3’ 
which is still a pass.  
Secondly, the outliers for each group were not considered, either  how to define them and 
how many there were. If outliers were defined as those with scores outside the lower 95% 
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confidence interval then the reason codes for these could be analysed to establish what 
areas were causing the failures. The reason codes were only noted for those achieving fails 
or excellent scores and these codes included the ability to mention CRM issues. The 
information in the reason codes could be helpful in the future for defining acceptable 
margins for performance decline.  
Another limitation of the study was that there were very few failures apparent from the 
data. The airline did, and still does, have a policy of training to competence (Manager 
Standards and Training, Personal Interview, 2014). When a pilot is not able to reach the 
level required, they are often removed from the position and counselled out of the job 
without recording a final failure. There was also no way in this study to allow for self-
selection of those leaving part way through a training program, or to capture those who 
failed but left before they were officially failed. 
Finally, the marking system was based on a Likert scale then the mark for each exercise in a 
session averaged to give an composite mean mark for the session. The data were then 
treated as scale like data because when all the pilot average simulator performance scores 
were analysed together they formed a normal distribution (Boone & Boone, 2012; Clason & 
Dormody, 1994).  
5.3.6 The limitations of the chronological definition of age. 
In this study it was chronological age that was considered as denoting the pilots’ age 
because it is the only aspect of age recorded for pilots. Yet the aging process is not linear 
with respect to physical or mental age, and it is not the same for every person. Having 
standardised rules on age makes it easy for the regulators, but not easy for the pilots.  The 
age limit rules for pilots have gradually risen over the years as explained earlier. Yet each 
time the same issues are raised and most of the medical evidence which appears to be 
informing the decisions has actually come from general population data, not preselected, 
fit, well-monitored populations like airline pilots (Braune & Wickens, 1985; Linnersjo et al., 
2011; Simons et al., 2019).  
Functional age is a term used to acknowledge that the aging effect moves along biological, 
physiological, psychological, neurological dimensions  at different rates, and is related to 
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work ability (Geuskens, Oude Hengel, Koppes, & Ybema, 2012; Ilmarinen, 2006; Le Blanc, 
Van der Heijden, & Van Vuuren, 2017; Sharkey, 1987). Airline pilots generally have a 
younger functional age than their peer group because they are a preselected healthy 
population, likely to experience good health and have ready access to good health services. 
Pilot functional ages have not been  considered in the literature other than a paper from 
1985 reporting the utility of a method for calculating functional age based on the 
information processing ability of the pilot (Braune & Wickens, 1985).   
If airline pilots are keen and motivated to continue working, and are still managing to pass 
simulator performance checks and their medicals, then the airline they work for and the 
regulator should support their continued employment. To promote  well-being in the 
workplace and support from other pilots a Workability Index(WAI) such as that suggested by 
Ilmarinen (2006) could be implemented. Literature suggests that sustainability of 
employment requires a work context that facilitates employees continuing  to work and a 
welcoming environment; unfortunately ageism is prevalent in many areas (Levy, 2003) and 
may also be the reason why functional age and organisational age are generally inversely 
related to the wish to continue working (Le Blanc et al., 2017). 
The airline pilots in this study already have access to a fitness program and an 
antidiscrimination culture, but ageism still exists especially within pilot employment groups, 
airline management and regulators (NZPA, 2009a, 2009b; WALL, 2016). Aviation regulators 
have insisted on older airline pilots having additional medical tests, and not being paired 
with other older pilots once the pilot is over 65, without specific airline pilot studies showing 
this makes a flight safer. While regulators and airline management continue to treat older 
pilots differently to younger pilots, general ageism attitudes towards the older pilots are 
unlikely to change. Kaltic stated that “Establishing a mandatory retirement age for surgeons 
would be a straightforward solution but would be illegal, inappropriate, and unfair because 
of the variability in function among older individuals of a given age.” (Katlic, Coleman, & 
Russell, 2019). They also stated that “Decisions about surgical competency should be based 
on functional age and abilities rather than chronologic age.  …. by the use of comprehensive 
cognitive, physical, and technical assessments ..”. So the concomitant and fair question 
regarding pilot age could be why should it be any different for Air Transport pilots who 
already undergo regular technical and medical assessment? 
       




5.3.7 Age Rule Trends 
General Aviation medical testing and age rules have now become less stringent, and 
perhaps the same trend will continue into the commercial and air transport area. Sudden 
incapacitation in aviation is very rare event and seldom due to medical issues, as previously 
discussed (Simons et al., 2019). It does not therefore appear justifiable to use it as a reason 
for lowering maximum ages or for the use of pairing restrictions on older pilots. Risk analysis 
principles would suggest that if a catastrophic event is extremely unlikely then it is only a 
moderate risk (ICAO, 2018). Risk mitigation strategies already in place include more 
stringent medicals to identify impending medical problems, simulator and route checks to 
identify performance problems and incapacitation training to prevent the failure of one pilot 
causing a catastrophic event in the aircraft.  
Risk management is about hazard and probability (ICAO, 2018). If considered in the context 
of pilot age, the probability of a pilot dying on the flight deck from a medical problem is 
extremely low (Simons et al., 2019). Moreover, the probability of this incident causing a 
crash in a multi crew cockpit is even lower. Since there is considerable incapacitation 
training for pilots, the issue of flight deck death should not be classed as a major hazard, 
only a medium one. 
Future studies should consider a workability index which measures the mental age, the 
fitness and the simulator performance of the pilot. At the same time the effect of the 
performance and age of the second pilot in enhancing or diminishing crew simulator 
performance should be analysed. 
A future qualitative study could be carried out where passing and failing pilots could self-
assess their reasons for training problems and failures to give a richer framework for the 
quantitative studies.  
  
       




The motivation for this study was that following the 2014 ICAO rule change, the pilot group 
in the study had many “healthy” pilots over 65 who could no longer fly international routes. 
These pilots were then forced to choose between  retirement or retraining to a regional or 
domestic position . They did not want either of these options and then many of the pilots 
who retrained from Boeing to Airbus aircraft had training problems. The question then 
arose as to whether the problems were related to individual’s medical status (mental 
capacity), aptitude (new technology), attitude (not aligned with the newly introduced self-
teaching processes) or flexibility (not wanting to change from the Boeing to Airbus cockpit 
philosophy).   
The results of this study of 1008 pilots in a long haul airline support a conclusion that the 
degree of age-related decline in airline pilot performance observed was not substantial 
enough to explain why older pilots may fail to re-train into new aircraft.  
This study has also shown that fit and healthy pilots are still passing all the NZCAA required 
simulators at ages above that recommended by ICAO with no adverse effect. Although there 
was some age-related decline, the results of this study suggest that the decline was not 
enough to warrant removing a pilot from a Captain’s position nor to impose an age limit.  
There are many pilots who would like to stay at work longer in their current positions and 
limiting their ability to do so is both uneconomic and not scientifically justifiable. The cost of 
ab initio pilot training is increasing and there is a funding gap between gaining the licenses 
and flying the required number of hours to apply for an airline position. The pathway from 
an initial pilot license to becoming a long-haul jet Captain is therefore long and very 
expensive, for both the individual and the airline (Withrow & Azam, 2017). The restrictions 
and rules that cause an enforced retirement age of capable pilots should therefore be 
examined carefully to ensure they are specifically applicable.   
The implications of these results are that the ICAO age restrictions and the NZCAA pairing 
restrictions should both be revisited considering only applicable research, that is research 
on airline pilots in the 60 plus age group. 
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 General aviation pilots’ age limits have already been increased and there is no reason to not 
reconsider the age limits of airline pilots, who are always in a two-crew cockpit with higher 
medical standards and have a considerably lower likelihood of accident and incidents.  
Future airline pilot research should consider whether pairing restrictions have any safety  
benefit; it should also consider the practicality of  functional age/workability index for airline 
pilot medical assessments, to ensure the careers of those who  are fit and healthy are not 
being artificially shortened.  
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